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(57) Abstract 



An anastomosis is performed using 
a mounting structure mounted on the out- 
side of at least one vessel. The mount- 
ing structure includes a flexible mounting 
structure that is attached to the vessel by 
a special instrument. A graft vessel is 
attached to the mounting structure either 
directly or by means of another mount- 
ing structure attached to the graft vessel. 
Tools for attaching a mounting structure 
to a vessel are disclosed, and a tool for at- 
taching two mounting structures together 
is also disclosed. Methods for carrying 
out the anastomosis according to the in- 
vention are also disclosed. 
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MEANS AND METHOD FOR PERFORMING 
AN ANASTOMOSIS 

Technical Field of the Inventi on- 

The present invention relates to the general art 
of surgery, and to the particular field of means and 
methods associated with anastomoses. 

Background of t foe Inventing 

In the United States, there are currently as 
many a© 300,000 coronary artery bypass graft (GABG) 
procedures performed on patients annually. Each of 
these procedures may include one or more graft 
vessels which are hand sutured. Until recently, 
coronary artery bypass procedures have been performed 
with the patients on cardiopulmonary bypass whereby 
the heart is stopped with cardioplegia and the 
surgery is performed on an exposed, stationary heart. 

The vast majority of CABG procedures performed 
currently are accomplished by opening the chest wall 
to gain access to the coronary vessels . Through the 
use of heart lung bypass machines and a drug to 
protect the heart muscle, the heart is stopped and 
remains still during the procedure. in this setting, 
the surgeon has ample time and -access to the vessels 
to manipulate hand suturing instruments such as 
forceps, needle holders and retractors. 

However, with increasing costs of hospital stays 
and increased awareness by patients of other 
minimally invasive surgical procedures, interest in 
developing a minimally invasive CABG procedure is 
increasing. Hospitals need to reduce costs of 
procedures and patients would like less 
post-operative pain and speedier recovery times. 

In the past, two significant developments in the 
technology played a major role in advancing the whole 
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ar§a of eardiae surgery. The heart -lung machine w&s 
invented in the i§50' s but underwent significant 
improvement in design to become a reliable clinical 
deviee in the 1960's. The heat-lung machine allows 
th« surgeon to take the heart out of the blood 
simulation system t© work on it in isolation. 

The second ma j oar development was in myocardial 
protection. When the heart was isolated from the 
circulation, it was no longer perfused. After twenty 
to thirty minutes of ischemia, irreparable damage 
occurred and no matter how good the repair, the heart 
function was frequently inadequate to allow the 
patient to survive. Cardioplegia, a solution which 
is generally cold and high in potassium, changed 
everything. This development occurred in the 1970' s. 
This allowed very satisfactory protection of the 
heart so the surgeon could perform an unhurried 
repair and still expect the heart to work afterward. 

A secondary consequence of these developments 
was the decline in interest in technology to 
facilitate heart surgery, when speed of the surgery 
was initially of utmost importance, all sorts of 
developments were proposed to speed surgery. 
Therefore, the art in the I9@e's and 1^70 's contained 
nunttisfous ©samples of such devices. 

Now with an increased incentive to reduce costs, 
there is a renewed interest in redesigning 
cardiothoracic procedures, A few pioneering surgeons 
are now performing minimally invasive procedures 
whereby the coronary artery bypass is performed 
through a small incision in the chest wall. There 
are some surgeons that believe that the best way to 
perform a minimally invasive coronary artery bypass 
procedure is to perform the procedure on a beating 
heart, i.e., without heart -lung bypass and 
cmrdioplegia, This minimises the time it takes to 
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perferm the procedure and reduees the eost of the 
operation by eliminating the Heart lungr bypass 
machine , 

£n, the ease of minimally invasive proeedures ©n 
a beating heart, the surgeon starts by making a mini*- 
thoracotomy between the fourth and fifth ribs and, 
sometimes, removing the sternal cartilage between the 
fourth or fifth rib and the sternum. The spaee 
between the fourth and fifth ribs is then spread to 
gain aeeess to the internal mammary artery (IMA) 
whieh is disseeted from the wall of the ehest. After 
dissection, it is used as the blood supply graft to 
the left anterior descending artery of the heart 
(LAD) . Below the IMA lies the pericardium and the 
heart , The pericardium is opened exposing the heart , 
At this point, the LAB may be dissected from she 
fissure ©f the heart and suspended up with soft 
ligatures to isolate the artery from the beating 
heart . Some companies are making a special retractor 
to gently apply pressure to the heart muscle to damp 
the movement right at the LAD . A small arterietomy 
is performed in the LAD and the graft IMA is sutured 
to the LAD. 

Traditionally, to gain aeeess to the cardiae 
vessels to perform this procedure the sternum is sawn 
in half and the chest wall is separated. Although 
this procedure is well perfected the patient suffers 
intense pain and a long recovery, 

Until recently all bypass graft procedures have 
been performed by hand suturing the tiny vessels 
together with extremely fine sutures under 
magnification. The skills and instruments required 
to sew extremely thin fragile vessel walls together 
have been perfected over the last twenty years and 
are well known to the surgical community that 
performs these procedures. 
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In the '©pen ehest ' surgi<~sil setting, th$ 
surgeon has adequate aceess and vision of th§ 
surgical site fee manipulate the anatomy and 
i^^tirumenfcs . 

The push for less invasive surgical appresghes 
is fueling interest in many areas that were afeand@ft@4 
long age- including that of coronary fastening and 
valve replacement . The inventors have thus 
identified a need for a device and a method to 
perform GABG surgery on a beating heart. 

Some surgeons are attempting minimally invasive 
CABG procedures using femoral artery bypass aeeess 
rather than opening the chest for bypass via the 
aorta. However, since use of cardioplegia requires 
additional support and expense during the anastomosis 
procedure, the inventors believe that it is best to 
attempt to fasten the anastomosis while the heart is 
beating. However, this procedure when performed with 
a hand suturing technique is very imprecise due to 
the translation of movement from the beating heart to 
the suspended artery. This may cause imprecise 
placement of the suture needles. Any imprecise 
placement of the sutures may cause a distortion of 
the anastomosis which may eause stenosis at this 
junction. The sutures used for this procedure are 
extremely fine (0.001" in diameter) and are placed 
less than 1 mm 1 apart . 

As one cat} imagine it is difficult enough to 
place suture needles the size of a small eyelash into 
a vessel wall with placement accuracy of better than 
1 mm. To accomplish this feat of precision on a 
moving target is extremely difficult. To make 
matters worse, the site is often bloody due to the 
fact that the heart has not been stopped. 

Therefore, there is a need for a means and 
method which permits the forming of a precise 
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aft&si^mosis without reguiririg the stopping ®$ a 
beating heart . Still further, there is si need fep 
^erferming such an ansgtompgis in <a minimally 
i&v§siv§ m^fwer. 

The sysrent method of hand suturing is 
inadequate for the fallowing reasons : 

Qn a beating heart it may be difficult to place 
the gutu^es with the position precision required. Jn 
5 beating heart procedure the surgeon ean attempt to 
minimise the deleterious effects of the movement by 
using suspension or retraction techniques. However, 
it is impossible to isolate all movement of the 
vessel during an anastomosis procedure. 

Methods that attempt to stabilize and isolate 
the artery from the movement of the beating heart ean 
damage the vessel or cause myocardial injury (MI), 
In addition to the problem of plying sutures 
accurately one must make an incision through the 
artery wall to ©pen the artery. This to© is a 
delicate procedure even on a still heart because the 
incision must be of a precise length, it is also 
critical to not penetrate the back wall or side wall 
of the vessel which will lead to complications. The 
placement of the initial incision is of paramount 
importance. The surgeon must pick a suitable 
location free from calcium deposits, fat and side 
branches . 

Without cardioplegia, one must also provide 
blood flow to the heart muscle while the heart is 
beating, therefore, after the initial arteriotomy, 
the surgical field is very bloody and obscured. 

Access to the heart vessels other than the LAD 
will be extremely difficult with minimally invasive 
hand suturing due to the anatomical location of the 
posterior wail of the heart. 



s 5* 

SUBSTITUTE SHEET (RULE 26) 



Mimj 



Although minimally invasive CAgs pr<?>eedures are 
fcakiap plaee mv with sutured anastomosis they 
regulars superlative skills and are therefore not 
widely jpraotiesd, 

®m of fche roost vgjcin? problems is that of 
adequate seeess . The procedure takes glass through 
an access site created between two ribs. The rites 
cannot be spread too far without risk of breaking and 
the heart lies deep within the ehest . The access is 
through a small, long, dark tunnel. The Burgeon must 
then manipulate his teals down this tunnel without 
obscuring his vision. 

If speoial tools are constructed to allow the 
surgeem to be able to hold suture needles on the end 
of a long instrument, the added length of the tool 
only amplifies any inseeurate manipulation. The same 
holds true for any special suturing devises 
oentemplated. 

If the sutures are not placed correctly in the 
vessel walls, bunehlng or leaks will occur, In the 
minimally invasive procedure this is disastrous, 
usually resulting in the conversion to an ©pen ehest 
procedure to correct the mistake. Any rough handling 
of the vessel walls is detrimental as inflammation 
can cause further postoperative complications. 

The anastomosis must seal leak tight to prevent 
esesanguinatien. Therefore, any improvement over 
sutures must provide a leak free seal in a very 
confined space, yet should provide proper flow areas 
in the vessel after healing is complete. 

As is apparent from the above discussion, it, is 
necessary to find a way to control the beating heart 
movement of the vessel while performing the 
anastomosis in such a way that still allows for exact 
placement of the fastening means, 
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WHille the §$?t contains disclosures $f 
dgviseg that are used t§ join blood vessels, these 
device are primarily directed to an end- to -§nd 
t^ast^rngsis, whish is inadequate for e&BG procedures. 
5 Furthermore, the techniques disclosed in the pripr 

art <?f£§n require the vessels to be severely deformed 
during the procedure. The deformation may be 
required to fit the vessels together or to fit a 
vessel to an anchoring device. One cannot just §lit 

10 the tissue and pull it through a ring to anchor i% ©n 

a flange . Pulling or stretching the vessel w^lls 
produces a very unpleasant and unexpected result : 
Vessel walls are made of tissue fibers that run in 
the radial direction in one layer and the 

15 longitudinal direction in another layer. In addition 

she elasticity of the tissue fibers in the 
longitudinal direction is greater than those that run 
radially. Therefore, the tissue will not stretoh as 
easily in the radial or circumferential direction and 

20 results in a narrowing or restriction when pulled or 

stretshed in the prior art devices. Vessel walls 
also have a layer of smooth muscle cells that can 
spasm if treated harshly. Such manhandling will 
result in restrictions and stenotic junctions because 

25 the vessel walls will react poorly to being treated 

in such a rough manner and the stretching of the 
vessel wall will telegraph up the vessel wail due to 
the high radial stiffness of the vessel structure, 
causing restrictions and spasms in the vessel wall. 

30 The prior art fails to teach that the vessels are 

living tissue and must not be made to conform to 
rigid fitting-like shapes. Therefore, there is a 
n@§d for an anastomotic technique that permits 
handling of blood vessels in a manner that is not 

3g likely to cause those blood vessels to react poorly. 
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Additionally, prior as?£ sysfcemp fail t$ teach 
methods of souring hem©gt3§is so as not to hav$ 
leakage und®^ pressure. it is noted that mechanical 
devices used t$ joiri blood essels are extremely 
difficult to seal . No attempt has been made in the 
prior art to include a hemostatic medium in 
sonjunetion with an anastomotic device, Prior 
devices are directed to accomplishing hemostasis 
through gxeessive clamping forces between clamping 
surfaces or stretching over over-si?ed fittings . 

Jn order to effect food healing, healthy vesgej 
walls must be brought into intimate approximation: 
This intimats approximation is now acoompli§h§cf fey 
the skilled hands of a surgeon with sutures, A 
vascular surgeon is taught how to suture by bringing 
the vessel edges together with just the right knot 
tightness. Too loose and the wound will leak and 
have trouble healing causing excessive sear tissue to 
form. Too tight will tear through the delicate 
tissue at the suture hole causing leaks. The key is 
to bring the edges together with just the right 
amount ef intimate approximation without excessive 
compression, 

It must be further noted that the junctions 
taught in the prior art are not anatomically correct 
both for blood flow and for healing. A well made 
anastomotic junction is not made in a single plane 
and should accurately follow blood vessel geometry, 
The junction is more of a saddle shape, and the eross 
section is not necessarily a circle. The junction 
where the vessel units join is not a constant cross 
section angle, but an angle that varies continuously 
throughout with respect to any linear reference, In 
addition, the length of the junction should be many 
time© the width of the opening in order to assure a 
low blood flow pressure gradient in the junction and 

.8- 
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results are ©tetai^ed if the confluence arsa is 
actually oversized. Tfee prior a^t junctions do not 
account for such flow characteristics and parameters 
and §re thus deficient. Therefore, there is 3 ?i$gd 
for an anastomotic technique which ean establish 
proper fl^w characteristics? <md parameters and that 
accurately preserver klood vessel geometry, 
specif ically the plural planar nature in which th@ 
junction oc§yr§. Furthermore, most anastomoses $£>g 
made between vessels that a^e not similar in §i?.e- 
It ig th^refcDrs necessary to provide & means as$d 
method which allow for the accommodation and joining 
oi dissimilarly pized vessels . 

In addition, the inventors have found through 
poet surgical follow-up that the supply vessels grow 
in diameter to accommodate their new role in 
providing oxygenated blood to the heart; therefore, 
th§re i@ § need to provide an oversized junction to 
accommodate any increase in the dimension of the 
graft vessel sise, With a rigid ring that is a 
singular circular cross section of the graft, the 
fitting does not allow the vessel to provide this 
increase in flow as the vessels expand to me<it the 
needs of the heart muscle. Still further, the inside 
lining of the vessel walls (intima) should make 
contact with each other to have proper healing . The 
walls ©£ the vessels must come together with just the 
right amount of approximation to promote good 
healing. If the incised edges are too far apart 
scarring will occur causing restrictions. The walls 
cannot be compressed between two hard surfaces which 
will damage the vessels. The prior art teaches 
plumteing -like fittings clamped onto vascular 
structure. However, clamping and compressing the 
vsisel walls toe tightly will cause necrosis of the 
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v$sgel between th@ cl§mp? , II necrosis occur? 
dead tissue will become weak and most likely Gauge a 
fiailyre of the joint. Still further such rings 
feufe>es used t© clamp vessels together do not follow 
the correct anatomical eeiafeours to create an 
unrestricted anastomosis . Failing to account for the 
way healing of this type of junction occurs, and net 
accounting for the actual situation may cause a p©e? 
result, h suture technique has the advantage of 
having the gudgeon making on- the- fly decisions to 
an extra suture if needed fee stop a leak in the* 
anastomosis, In a mechanical minimally invasive 
system it will not tee possible to pufe an 'extra 
suture throw* in s© the system must provide a way to 
assure complete hemostasia. Being a mechanical 
system the approximation will not be 10Q% perfect. 
And since the design er^s on the side of not 
over-compressing the tissue there may be very small 
areas that may present a leak between the edges of 
the vessel walls. Accordingly healing with prior art 
techniques using mechanical joining means is not as 
efficient as it could be. Therefore, there is a need 
for an anastomotic technique that accounts for the 
way healing actually occurs and provides proper 
structural support during the healing process, 

When vascular integrity is interrupted the body 
quickly reacts to reestablish hemostasia. 
Circulating blood platelets are quickly mobilised to 
the injury site and initiate and support the 
coagulation sequence that leads to the formation of a 
fibrin plug at the site of injury. Large breaks in 
vessel walls which are under pressure cannot be 
effectively sealed by platelets and fibrin without a 
substrate to collect on. It is critical that the 
junction of an anastomosis bring two healthy vessel 
surfaces in close approximation to provide an optimal 

-10- 
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region fea? ve^i r-ejBaia? aad healing, minimizing $fee 
distance between Healthy endothelial eells or either 
side of the junction. This allows for the natural 
control processes whieh prevent platelet aggregation 
from extending beyond the area of injury. A more 
detailed 4«*cripti'QR of the elefc limiting praseis. and 
the healing proeess can be found in various refesi'e.n.ee 
te?ets, such "Coagulation: The Essentials", fey 
Pisehbach, David P and Fogdall, Richard E>, pufeUiiied 
tey Williams and Wilkins of laltimore in 199% . fine 
disclosure of ehapter % thereof being is ineer-per^tad 
herein by reference. 

§till further, seme vessels are located or §is@4 
in 9 manner that makes placing elements thereon 
difficult. In such a ease, the fewer elements used 
6© perform an anastomosis the better. Therefore, 
there is a need for a means and a method for 
performing an anastomosis that can be effected 
without the need of a hemostatic medium. 

Many time when a CABG operation is undertaken, 
the patient has multiple clogged arteries. At the 
present time, the average number of grafts is 3.5 per 
operation, when multiple grafts are performed, there 
is sometimes the opportunity to use an existing ©r 
newly added supply vessel or conduit for more than 
one bypass graft. This is known as a jump graft, 
whereby the eenduit, at the distal end thereof is 
terminated in a side- to-side anastomosis first, with 
an additional length of conduit left beyond the first 
junction. Then, an end of the conduit is terminated 
in an end-to-end junction. This saves time and 
resources and may be necessary if only short sections 
or a limited amount of host graft material is 
available. 

At the present time, existing means and methods 
of performing an anastomosis do not permit the 
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f9£W§fci9B @£ multiple iri^gtomstie sites qn a single 
f P3£t vessel sueh at both proximal and distal ends . 
TH^£ a su^geQn will hav@ t© us§ multiple £©©1$ to 
p^rfgrm multiple anastomoses , This will be either 
imp$§sife>le or very expensive, 

Therefore, there is a need fq^r $ means a?*d § 
method lor performing an anastomosis which will lm4 
itself to §fficient and eogt-ef £ eetive multiple 
by^p^sp techniques . 

fheref^re, ^H§re is also a need for a means and 
a method for performing an anastomosis whieh will 
lend itself to e£fisi§nt and eost-eff eetive jump 
graft te<shniqu£s. 

As diseussed 3fcov§ , performing a sutured 
anastomosis in a minimally invasive manner while the 
patient 'e heart id beating requires an extremely high 
degree ©f dexterity. Any instrument used in §ueh a 
procedure must therefore be as easy and efficient to 
use as possible whereby a surgeon ean foeus me>st of 
His attention en the anastomosis site. The 
instrument should thug y fleet the above-discussed 
needs as well. 

Still further* any instrument used in sueh a 
procedure must be amenable to efficient manufacture. 

It is ^ main object of the present invention fe© 
provide a means and method of performing an 
anastomosis without stopping the patient-© heart , 

It is also an objeet of the present invention to 
provide an instrument whieh can be used to 
efficiently, aequrately and effectively form a proper 
anatomically correct anastomosis. 

It is another object of the present invention to 
provide an instrument whioh oan be used to 
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pffisiently, as? (surely ffg^etivgly a proper 

aiiass?9ffl®sie without stQgpinf the patient's hea^t , 

It is another object of the present invent i®n fee? 
provide a naean§ and method of performing an 
anastpm©si§ without stopping the patient ' s he*art in § 
wpiim$lly iiwasive manner, 

!t is another Qbjegt &f the present invention to 
provide a means and method of performing ari 
anastomosis without stopping the patient's heart in a 
minimally invasive manner in which the blood vi§sel§ 
are joined together in such a way as to mo§t 
efficiently promote healing. 

It i§ another object of the present invfriti^n %q 
provide 3 mean$ and method of performing §,n 
anastomosis without stopping the patient' s heart in a 
minimally invasive manner in which the blood vessels 
are joined together without squeezing, compressing or 
otherwise manhandling them, 

It is another object of the present invention to 
provide a method $nd means to stabilize a vessel 
while performing an anastomotic procedure . 

St is another object of the present invention to 
provide a means and method of performing an 
anastomosis without stopping the patient's heart in a 
minimally invasive manner in which the blood vessels 
are joined together to form a confluence <ar@a that 
accurately accounts for flow characteristics and flow 
parameters . 

It i§ another object of the present invention to 
provide a mean© and method of performing an 
anastomosis without stopping the patient's heart in a 
minimally invasive manner in which blood vessels can 
be joined together in a side-to-side configuration. 

It is another object of the present invention to 
provide a means and method of performing an 
anastomosis without stopping the patient's heart in a 
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minimally invasive manner in whieh biood vessels §9$ 
be joisiggl tpfe£her in an end* to-side eonf i,gux§zim , 

1% is ano£h$r ©bjee£ of the present inventi^ %® 
pr$vid§ a mftsne and methoi e£ performing an. 
anastomosis without stopping th@ patients hears in § 
minimally invasive maimer in whieh blood vessels e^n 
be joined together to form a junction that is 
anatomically eorreet <m4 aoeurately reflects blmd 
vessel geometry at th<? junction. 

It i? another o&j§§£ th§ present invention to 
reduce tissue inflammation and neerosis due t© 
mishandling and over ^ompregsiof* . 

It i§ another object of the present invention to 
provide a means So held the edges of the vessel w^ili 
in elose approximation to promote healing with a 
minimum of ©earring. 

I£ is another objeot of the present invention %® 
provide an anastomotic stapling deviee that provide© 
felled flow to the heart while making the anastomosis. 

It is another object of the invention to provide 
an anastomotic stapling device that obviates bunching 
of th§ tissue due to imprecise placement of 
fasteners . 

It is another objeet of the invention to provide 
an anastomotic device that is amenable to efficient 
manufacture, 

It is another objeot of the present invention to 
provide an anas t ©mot ie means and method whieh ean 
join dissimilarly sised vessels, 

It is another object of the present invention 6© 
provide an anastomotic means and method whioh will 
accommodate joining vessel walls at a junction angle 
that varies with respeet to a reference line. 

It is another object of the present invention to 
provide an anastomotic means and method that has a 
living hinge at a junction sit<£. 
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16 is mother tsbjest @f thf present in^e^tiq^ 6$ 
previse an anastomotic mecins and method which can 
effect a junction without § hemostatic msdiurn, 

It is another object e>£ the present invention to 
providg anastomotic means and method which can 
u$ed in proacirnai junctions and in multiply 
anastomotic §iteg on the same vessel, 

16 is another ebjeet of the present invention 6Q 
provide an anastomotic means and method which can be 
used in a means and a method for performing an 
anastomosis which will lend itself to efficient and 
cost-effective multiple by^pass techniques. 

It is another object of the present invention to 
provide an anastomotic means and method whieh ean. b§ 
used in a means and a method for performing an 
anastomosis which will lend itself to efficient and 
eost~e£ £ active jump graft teehnig ues , 

it is another object of the present invention fee 
provide an anastomotic means and method whi^h is 
especially well suited for ail types of blood vessel 
anastomosis procedures and techniques, such as, but 
not limited to, proximal, side-to-side, end-to-side, 
jump grafts as well as ethers that will ooour to 
those skilled in the art based on the teaching of the 
present disclosure. 

when a patient shows symptoms of eardiae 
insufficiency which are not severe enough to warrant 
surgical intervention, the cardiologist is called} on 
to clean out or open up the clogged arteries, Qne 
way to open the artery is to install an internal 
stent such as disclosed in US Patent Number 
5,425,73 9. This stent is a prop that is most often 
configured like a cylindrical cage. The stent is 
delivered to the site over a balloon catheter, when 

-IP- 



SUBSTITUTE SHEET (RULE 26) 



in glse§, she catheter 4-9 isolated, e^pan^ins? |h§ 
§tent which if* tusrn holds ©jp props $pen the #§f3?ow§d 
grtary, Sincg the stent i§ made ©f a material fehst 
h^p 1*0 material memory, it will retain the shape 
determined fey the infl$tio?i pf the balloon. The 
balloon ig removed from th§ artery and the stent 
stays inside the artery. Such memoryless material is 
suitable for use for a bridge and for the stiffening 
framework discussed above. 

The present invention uses? a similar concept, 
however, the ''stent" is external to the blood vesssi 
wall, it h^s the similar function of holding th© 
vessels open, but is also used as the means for 
joining the vegsels, The external '* stent " i§ the 
ouff discussed above , 

The above-mentioned objects, as wall as 
additional objects as will occur to one. skilled in 
the art based on the teaching of the present 
disclosure, §re achieved by a minimally invasive 
means and method for forming a precise and 
anatomically accurate anastomotic on a patient 
without requiring the patient '3 heart to be stopped 
using an instrument that precisely places fasteners 
on the outside surface of a blood vessel in a 
position to cause the anastomosis to have a proper 
flow area and to accurately reflect the geometry of 
the junction and which positions the inside edges of 
the incised blood vessels in abutting contact with 
each other whereby proper healing is promoted. The 
means and method of the present invention also 
provide the ability to create an oversized junction 
which will accommodate future anticipated growth of 
the vessels. The means and method of the present 
invention accomplish this without requiring the 
mishandling of the blood vessels, and can be used for 
side*to~side anastomoses as well as end-to-end 
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anastomoses : ?h§ device is a^se ^msaa&le 
efficient manufacture . 

la $dditign, thgge objects ar§ ascqmglishs^ fey 
providing a flexible hemostatic medium to hold a 
malleable stiffening framew^k. The hemostatic m@dia 
c<|ft be absorbable material <?r 3 fabric material that 
allows tissue ingrowth . The medium provider 3 
supportive surface at the edges of the anastomosis 
for the natural vessel repaid process. 

Therefore/ to address the a§ed of hemostasia, 
the inventors have included a cuff material which mn 
be made from a variety of materials t© allow the 
anastomosis to perform in a leak free manner with th§ 
peeper substrate far healing to occur, it i§ 
anticipated that through more development, a special 
coating such as collagen coatings could be 
incorporated into the hemostatic medium t© encourage 
tissue ingrowth, and to discourage excessive 
thrombosis. Such coatings and treatments will occur 
to those skilled in the art based on the teaching of 
the present disclosure, it is further anticipated 
that research will suggest that these media may be 
absorbable or made from non- woven fabrics, or 
combinations of both, 

It is therefore shewn that the use of a 
hemestatie medium is a novel approach to providing a 
complete minimally invasive anastomotic device which 
does not use excessive clamping forces. 

Although a hemostatic material is shewn in uhe 
preferred embodiment as a woven synthetic suff, those 
skilled in the art will be taught by this disclosure 
to substitute other materials without departing from 
the scope of the present invention. The term "cuff" 
can be used to describe a form of hemostatic medium 
but is not meant to be limiting, 
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meap§ roetbc>4 glaees one Q£ oagrg 
<5§^£^ur§tiQ&@ hempgt$fci§ $ediurc can, ^utgid© 
§U3?fsee ff felo^d vessels being jpined with the isner 
edges gf thg media gseew the edgep $£ an 

imigim in the felspd vessel at 9 #isfcat|*se %9 m 

m%$in$%i®n @f fe&e vessel oeours and n© gapping 
0g@U£§ during the healing process. S^eh cuff ie 
flexible and can fee shaped to match the blood vessel 
4t the junetien site. When the euff ©r cuffs are 
closed, the bipod vessels drawn together in & 
manner wbich places the ineide edge §f ea§h §f the 
bloed vessels adjacent t© the incisions in uteultinf 
gent^ct with e$eh other whereby proper h§&ling sg£ 
§<3eur without unduly eQ&fcevting the blmM vep§§i§, 
The sufg, @r cuffp, hsve a m«ans which permit e&§fe 
euff fe© fee shaped and to retain the set shape whereby 
the euff accurately matches the bleed vessel §h$pe 



and the junction can be shaped te establish the meet 
•ffieiasit flow c$nditi§ng ; 

The present invention can b§ used te previdt an 
eyersised eenfluenee area so the change in sise e£ 
the bleed vessel to provide oxygenated flew te the 
heart ean be aceowiedated, This is dene by providing 
a fastener that allows fer an oversized length 
junetien and the ability to size and shape the 
junction after the twe vessel© are attached te assure 
3 wide eress-seetienal opening between the vessels. 
Mechanical fasteners ©r futures can be used te meunt 
the cuff en the bleed vessels. The procedure can be 
performed while permitting virtually uninterrupted 
bleed flew. 

The instrument used te attach the euff§ fee th§ 
bleed vessels include? a main body which i§> adapted 
te aeeeramedate anvils far both graft vessels m& 
arteries, The device includes a euff engaging mesac 
fo* engaging ft euff te attach the euff te the bleed 
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mmel agd to adjygfe fchs shape 6ke suff 69 
#e8«ya.Bely r-eflest the shape of the jungsigji, & 
linkage connects the cuff engaging means to. an 
operating element so § sur-faen ean easily operate ths 
davice, One $S the. anvils is received in a ?¥»#e 
vassal and fcfca ©shay anvil is *eeeiv«4 in fha ar&esy 
to vfhiqh feha graft vassal 4a I© be attached, ?he 
artery accommodated anvil includes a bleed passage 
defining portion so blood ean continue to flow 
though the- artery during the procedure. 
Furthermore, the instrument stabilises the vessel 
from the beating heart. The artery accommodated 
anvil ia actually lasfar than the incision in the 
artery and is "button holed" into the artery vis the 
iseisien, Qnm in plaee in the arfeery the surgeon 
mn pull up on the vessel at the incision thereby 
moving tha work are© in conjunction with the vassal 
and isolating the work surface from the beating 
heart. This makes the cuff fastening accurate and 
precise. Ms©, it assures that the teal and the 
vassal are moving together to isolate the beating 
heart movement from the tool. 

fha deviee engages the cuff and not the blood 
vessel e© shaping and movement occurs while applying 
©fiiy minimal and gentle pressure fe© the blood 
vassals. This permits the junction t© be properly 
and fully customised without mishandling the blood 
vessels. The instrument also has guides for forming 
the fasteners © staples. 

hs can be understood from the foregoing, and as 
one skilled in the art will b@ able to understand 
from the teaching ©f the present disclosure- the 
means and method of the present invention can ba 
applied to multiple grafts and to jump grafts thereby 
making such technique possible and cost effective.' 
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wjtiils §h© a#d method embodied in 

present invention is especially suited tow testing 
h©art surgqry, it may al§o be utilised for mnimlly 
i^vagivs. procedures that use cardioplegia as will §g 
standard "©pen ah@st ! ' pi?qq$4ui?es dug %o its nQvnl 
time saving and pr<gc?ii3i§in features , 

glial 

Figure 1 is a schematic shewing a heart . 

Figure 2 illustrates a prior art method of 
locating an incision in an artery for performing an 
an&gtampsis . 

Figures 3, 4, §a, §g, and 6-9 illustrate prior 
art means and methods of performing an anastomosis. 

Fifurt 10 illustrates the principle of the 
present invention in whieh an anastomosi© includes a 
hemostatic medium ioeated in sueh a manner that olots 
will form externally of the blood vessel, 

Figure ii is a side view of a guff which is 
included in the mean^ for performing an anastomosis 
according to the present invention. 

Figure llh is a ssetienal view taken $ionf 
§§§tion Hm k~h of Figure u, 

Figure 12 is an pactional view of the ouff ta&sn 
aieaf line I-g of Figure HA. 

Figures l3A-»l3f show alternative forms of a 

@uf f . 

Figure 14 is an exploded view showing a sin§e 
qyff fo^m of the invention prior to joining a graft 
and an artery, 

Figure IS is a out away view showing the single 
euff form after the graft has been joined to the 
artery. 

Figure 16 is an elevationai cross seotional view 
of the single cuff form of the invention joining a 
graft to an artery. 
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Figure I? is a gs^ggsaHve view of §n 
anastomosis formed us lag thg single cuff germ ©| fefcte 
invention in $ ?i$@-to-side eonf igurati$3n, thQg§ 
skilled in the art bging able t© understand wHift 
end-to-§ide configuration wii; look lik$ h&mi m £he 
te#<phing Qf the present disslepure, 

Figure 18A shows <a single euf £ form ©£ 
invention gust prior to drawing eh© endes of t^e t w ® 
blood vessels together- 

Figure ia§ shews the single euff form of the 
invention sffcea? thg gnds of the ble>©d vessels h<ave 
been dr§wn together. 

Figure 19 i@ $n exploded perspective view of one 
form of the invention in whi§h two suffp are used to 
jsin an artery with a graft . 

Figure 30 is a perspective view of a section of 
the joined artery and graft using two euffs. 

Figure ai is an elevational cross seotional view 
of the two ouff form of the invention in situ. 

Figure 22 is a perspective view of the two euff 
form of the invention in an anastomosis whieh j©iR@ a 
graft to an artary in an end- to-side oonf igurafeion* 

Figure 33 is a perspective view of th@ two ©uff 
form of the invention in an anastomosis whieh joins a 
graft te an artery in a side~to-side configuration, 
with the graft being tied off by a nuturs. 

Figure 34 is <*n elevations! view of another form 
of the two euff form of the invention showing how the 
two euffs are held together whereby the graft and the 
artery are pulled together in healing abutment. 

Figure 25 is an exploded perspective view of a 
tool used in performing the anastomosis according to 
the present invention. 

Figure 2Sh is an exploded perspective view of si 
tool used in performing the anastomosis aeeording to 
the present invention, with a cuff in pla§e. 
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Figure 26 is a persgsetivg view indicating the 
tool in up© in placing a guff on an artery. 

Figure 27 is an elevational view of a tool in 
place in an artery just paries to salting a cuff on 
the artery, 

Figure ?p is 33 eiev§tional view Qf a c©q1 i^ 
plaee after a cuff ha§ bean set onto an. arfeg^y 
just prior t© removing an anvil of the tool from £h§ 
artery , 

Figure 29 i§ p elevational view of a fcoe4 with 
91* arivil in place in a fpaffe for plasemgnt of a 
single cuff form off tft§ inv§ntion. 

Figure 39 shows a graft vessel prepared to 
receive a su#| a 

Figure 34 shows a tool holding a euff prioar to 
plaeing the euff on the g?raft vessel shown in 
Figure 36. 

Figure 32 shews a tool used to cinch a cuff t© a 
graft vessel that hag been located in a cuff. 

Figure 33 shows a graft vessel located in a cuff 
prior to being cinched to that cuff by the tool shown 
in Figure 32, 

Figure 34 shows the tool just prior to setting 
the means for attaching the cuff to the graft vegpel. 

Figure 3 5 shows an alternative form of a tool 
for applying a cuff to a graft vessel. 

Figures shew the steps used in applying 

a cuff to a graft vessel using the tool shown in 
Figure 35, 

Figure 21 shows a tool applying the means for 
holding the cuff to the vessel in which the means is 
such that the vessel will not be damaged. 

Figure 3 8 shows a tool used to join two cuffs 
together. 
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Fi$ur§ 3? stews th§ tool uf@# to join twg si^ffsa 
togetiw docked m§ cuff and prior t® joining th$% 
cuff to smother <?uff* 

Figure 4 0 shows thf tool docked to e>R§ cuff mi 
joining that cuff t© another cuff. 

Figure 41 is $ flow chart for the method qf 
performing an anastomosis for a single cuff form, of 
the invention with thf vessels being joined in a 
side-to-side configuration . 

Figure 42& is a flow chart for the method 9$ 
performing an sma$torcosi§ for a double quff form §# 
the invention with the vessels being joined in a 
sid§-tQ-§id§ eonfifu^tiesn. 

Pify^e 42S is a fl^w chart for the method of 
performing an anastomosis for a double cuff form of 
the invention with the vessels being joined in an 
end-tp-side configuration,. 

Figure 43 shows a single euff form of the 
invention which has omitted the hemostatic medium . 

Figure 44 shows the continuously varying nature 
of the junction angle. 

Figure 4§ show? the double cuff form of the 
invention which has omitted the hemostatic medium, 

Figure 4 6 shows how the means and method of the 
present invention can be applied to a multiple graft 
technique . 

P flfc ft a Jfld Description of the Preferred Embo^ i^^ r f 

Locating and performing the arterietomy 

By way of orientation, Figures 1 and 2 indicate 
the locating and performing of an arteriotomy. As is 
well understood to those skilled in the art, locating 
the position of an anastomosis is extremely important 
and extremely delicate. The location must be 
selected with extreme accuracy and precision. Thii 
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is eggesiflly sq sinsa £he fe>i@qid vessels are ©lean 
e#ts?emeiy small. This is indicated in Figures 1 
? where th§ loeaticm ©f a restriction is indicted #s 
$ and an 9rt«^iQfe©my ig i^die^tsd at I in Figure 2 . 
The arse^iot^my must fee made in a prefer issatipn 
with reggeet to the r^staristiQH R ©3? ehs "suffgsyy will 
n«=>t b$ §s effective as it gpuld be, Furthermore , a# 
anastomosis muet be gerformed accurately 
effectively to be svM?@sssful. The present inveREien 
diseloeegs and tegohes a means and a method ©I 
performing such §n an§§t@mggi@, 

§h©wr* ir* ^igu^e 3 is 3ft anastomosis invelvirag a 
4??tei?y iq a^d a fir*ft IS that is performed a§e994iDf 
%® the gfior art, That is, an inei^ien 14 is defined 
in artery 19 and a eearregpendisg ineieiem is ig 
defined in swsft 12. 3utus?§2g is and so are eet 
the ends (heel and toe) ©f the incisions- Additional 
sutures are see as indieaeed in Figure 4 by reference 
numerals 1-9 and l'-9 f . futures are indicated at 22 
and 34. ©nee the sutures are set, the graft and the 
artery are drawn together as indicated in Figures |& 
and §8t 

Ideally, the inside ©dere§ of the $ra£fe and the 
artery adjacent %q the ineisi©*js are placed ia&e 
abutting e©nt§§t with eaeh other te prom©fce pgepe? 
healing • The inside ed^e ©f the graft vessel is 
indicated in Figure §A at 36 arid the inside edge e£ 
the artery is indicated at 16' in that same £ifu?e, 
As ean fee seen in Fifure §8, the ideal 3ituatien has 
inside edfe 3£ in abutting eentaet with inside edge 
3«' of the artery. However, anp dieeusaed above, this 
is a©fc always the ease. While m©st surgeons ©re 
extremely skillful and dexterous, hand suturing is 
sueeeptible t© errors and imprecision, especially 
when the graft and/or artery is extremely small, In 
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Sh§ q : § § minimally involve su^geasy, shie 

gligcgmeflt may nearly impossible. 
4i$fy§§ed abov§, spine p;ri©3f art an^sfeQtnpgis 
tieehnigyes hav$ u§$d § to jfin few® ygssaelg 

fc$gf$t&$sr, ?hts cepbnique i§ i&diQ§teed 1b Figures g.g 
wh&#@ rir*g 3Q ig plaesd feeeween few© ©nd-te>-§yi£ 
vessels &b Fifuj?© 6 and j?in$s 36' and 36* ' umi 
with two QR.sJ«e:Q«side joined vessels in Pifure ?, fh§ 
^i^gs ssrve as the m§ans f©£ Holding jointi 
vessels; tqsfethes?. However, the rings h§v§ §sv§f§.l 
dsawbasHs? , including evaginating the v§f3e§l§, 
2?§§t3?ieting £h@ vessels go growth due e© higher fei@©{§ 
flaw ip Restricted, and pfcj^Ghing fche v§s§$l whieh 
<s§4§@s flattening of the ves§@l as iqgieeteg a§ 
mwHm in Figure 8, As discussed afe§ve ( the us§ 
9f ^infp §yfpsgsfc§ that an anastomosis is beinf vi@w§d 
as § plumbing e©nneetieh between two e@nduits. 
was also dissuaded abovs, t~his is simply net the eas§ 
with aofeual blood vessels, As discussed above, if 
mo mueh slampinf is applied to the vessels, necrosis 
may eeeus?. Unhealthy tissue rcay eause scarring and 
in fast may fail t© heal. This situation is 
illustrated in Figure 9. 

Theapsfeare, She grsssmt invention is intended to 
permit the performance ©f an anastomosis in a 
minimally invasive manner yet %& perform the 
j>3eo<?gtee in S a aegusrate manner and in a manner ghat 
promotes proper healing. The mast e«eetive htalinf 
will oeour when the hemestatie medium i§ located ©n 
the epytsid© of the blood vessel so any eio&s will 
feg<m m th@ outside ©f the vessel . This bagie 
seneept i« illustrated in Figure 10 which shews an 
anastomotic devise *p eemprising a hemostatie medium 
KM having a at«nfe whieh include© mean^ FM for 
faat^ninf the ifesmt to feh@ vessel and whieh i@ 
laeat^d the outside ©f an© blood vessel Bi whieh 



is %q bs i©iR©d tp another feigod vessel m £®$ 
bfingi^g vessel walls, the endothelial lining 11, 
of £h£ one bls>®$ vessel in&© intimate approximation 
with other vessel wniUa* r§i>r$s@nted by endothelial 
lining S3, of the other blood vessel whereby fibrin 
sloe fe is fo3?m$3 in %b<« prop** location fee effect a 
sugsesgfui procedure. Still further, %m$§Mv% 
clamping is avoids ija the present invention by 
obviating the need lor elamps, such as are commonly 
uped in prior art te<?hni<fu©§ . 
Mt 

?hir© two fqrmg of the invention, a aingl§ 
ouff f®*?m (see Figures H-iSB) and a single euff f®£m 
(see Figures 1S-84) . In the interest of brevity, 
this mounting element will be referred to is a guff. 
However, no limitation is intended by this shorthand 

The giggle mii form si the invention has the 
euff runted on the artery and the graft blood vessel 
with the vessels feeing brought into eontaet with the 
vessel attaching elements ef the cuff to attach the 
two vessels together. It is here noted that for the 
sake ©f brevity, the discussion will be directed to 
blood vessels; however, those skilled in the art will 
be able to understand that the teaching s&n be 
applied to vessels of any sort that ooeur in a 
patient. Accordingly, no limitation is intended by 
the re£§rene© to a "blood" vessel. The double eu€f 
form of the invention hag one cuff attached t© th§ 
graft and a separate euff attached to the artery. 
These euffs are then attached to eaoh other to sf£ee& 
She oonneetion, The single su££ form of the 
invention has a single ouff attached to both the 
graft blood vessel and to the artery, with the single 
quff attaching the two blood vessels together to 
effeet the eonnastion. The double euff form of the 
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iauss&i€?s h«L§ ©ash su£f individually mguafceg on § 
fel©Q$ v;©asegl fey an inst^umgnt , and the two gufifed 
v$8^el$ brought fe$g©thej? with the cuffs then coupled 

&kom in Figure© H, ii& and i§ is & single guff 
4 0 embodying the present indention. The ouff i§ 
applied £0 a blood ve§§§! and will couple that vessel 
to another vessel or to another cuff, The g\if£ ©an 
fee applied to $ blood vessel fey an irigtrume^t whijU 
blood still flows through the vessel fey using § 
stabilising cuff application tool with ? flow-thf@ufh 
anvil, This enables; anastomotic surgery £0 be 
©§3nf(s>;srm@d without stopping the heaart a© the pr^gedu^gs 
pan fee earried out in a minimally invasive* manner, 
fhe ouff also permits proper ehapi?if of th§ juastisp 
without mishandling the blood vessels and plaoeg the 
two vessels in an orientation that promotes ©ffieisnt 
haling* 

Speeif ioaily, guff 46 includes an ©vai shaped 
flexible body 43 having a long axis 44 and a short 
a^i@ 4€ with an oval shaped opening 48 defined 
therein by the euff body central section 49. The 
preferred form of body 42 i@ a weven fabrie suitably 
$W use in surgery, A stiffening framework §0 ©f 3 
retention means, §ugh as a malleable material, is 
integrated into body 42 for retaining the euf £ in § 
selected shape §n a blood vessel . The preferred fo??m 
of the retention means is? sinuous and ineludee a 
plurality of malleable #©etions, sueh a© eeetios §|. 
in the pF$®m$ eonte^t, this elemant will be re€§s^§d 
to $p a retention means. However, ap will ooeu^ fe® 
those skilled in th? art based on the teaching of th§ 
present disclosure, depending on the context of the 
diseusaion, this element sin also be referred to a§ a 
"stent" or a "stiffening band," One form of the 
material is a wire that is suitable for uee in the 
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mwgiml mvlmnmn% §s£@ciated with feki? invention. 
The retention means has little material memory in 
that once deformed fsem Qm sh§pe into another, it 
will not m<pve back into the first sh§pe from the 
Second, A second potential form for the retainer 
mea^£ i§ shaped £a?om fiat s?toek whiqh i§ pro^egs^d 
using precis© methods such §8 wire ESM or phQfco 
etching . Shaping the cuff is therefore efficiently 
carried out by deforming it into the desired sh$P§ 
after it is mounted on a blood vessel. The retention 
means will maintain the euf f in the shaped condition* 
Sections of the stiffening framework may fee s^paratg 
frpm olhe? sections, su§h as quartered sections ®% 
the lik§. 

lach malleable section has an apex, such a§ ap§5s 
S4, with a cuff retaining pin, such as p4n §6, 
thereon, Cuff retaining pirn 5€ attaqh the 
©tiffening framework §e to the euff, and anchor mesans 
§8 attach base 60 of each section S3 to body 42 to 
leeurely anchor the stiff ening framework to body 42, 
However, many euff pins may fee used to secure the 
euff frame to the euff, 

Tissue retention ping €2 are attached at a 
proximal end 64 thereof to the body 4? and have a 
distal end 66 which engages a blood vessel to anchor 
the euff to that blood vessel in the manner of a 
surgical staple. The instrument discussed below is 
used to force the retention pin into the bl^od v«e§@l 
tissue to anehor the euff to the blood vessel . 

Means for shaping the euff onee it is anchored 
on the blood vessel includes docking extensions, guch 
as docking extensions 70 having a proximal end 7§ 
unitary with a base of a malleable section of the 
stiffening framework and a distal end 74 spaced from 
the outer perimeter 76 of the cuff body 42. An 
eyelet 78 is located on distal end 74 having a 
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sen.traj Heis 8© defined therein t© engage, a 
ger-resppindinf eiesRifnt ©n the instrument; ue«4 tje place 
the fy.fi . fhn means for shaping the cuff also 
infludps ^ plurality of see©nd docking extensions 8? 
hsvinf proximal ends 94 integral with alternate 
apexes of the stiffening framework 50 and a distal , 
end Sf h*vi«g an eyelet @s with a central Hole 90 for 
releasatele connection to a corresponding element m 
the instrument used I© place the cuff. 

As will be diseussed below, the docking 
extensions are engaged with the instrument, and one.e 
the cuff is anchored to a blood vessel, the 
instrument can tee manipulated by the surgeon to shape 
ppeaing 48 to the desired size and shape, ©nee the' 
desired si?e and shape have been established, the 
mii and framework is released from the instrument, 

As can fee seen in Figure u, the euff has an 
hour glass shape in elevation, with body 42 having a 
first end section 92 and a second end section 94 of 
roughly the same outer dimension, with central 
section 49 having an outer dimension ©f less than 
those outer dimensions to define a waist section. 
Other forms of the single cuff are illustrated in 
Figures 13A-13F. 

See of the single euff form of the invention, is 
illustrated in Figures 14-18B. The tool for 
effecting the placement of the euff and the coupling 
of the two vessels will be discussed below in 
connection with Figures 25 et s@f. For present 
purposes, the results will be shown and diseussed, 
As shown in Figure 3.4 , after the graft vessel 9 and 
the artery A have been prepared, the cuff is placed 
on the artery A, The graft vessel is then moved into 
proximity of the cuff as shown in Figure 14 and 
joined to the euff as shown in Figures 15 and if, 
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h§ can tee seen by q^mparing Figures 18& and 18§, 
one:© ths cuffs are att^ohgd £o the blood vessels, th§ 
blood vessels are brought together to form the 
desired connection, 4nd then are shaped so the 
desired amount of abutting contact 4® formed between 
the two adjacent inside blood vessel edges . To 
effect th§ desired amount of abutting contact be%w@§n 
the inside edges of the bleed vessels, the single 
cuff form of the inve^tipn can include a means, §U(3h 
as bridge means 119 shown in Figure© l&h and lii t§ 
draw the adjacent bleed vessel inside edges |6 g&d 
£g< together intQ abutting contact from the $pae®d 
positioning oi the§§ two edges shown in Figure to 
the abutting contact shown in Figure 18B . Bridge 
means 119 include® a malleable wire 112 or extensions 
70, 82, etc, that has essentially no material memory 
simile te> that situation discussed above with regard 
to the stiffening frameworK §Q. Thus, when bridge 
wire li? is deformed from the Figure 18A 
configuration to the Figure 1SB configuration, it 
will retain the Figure 181 configuration thereby 
placing the inside edges 2€ and 26' in abutting 
contact with each other. Deformation of wire ng can 
be effected with a proper tool. The bridge can also 
be formed from shaping pins resistance welded 
t®f§ther* 

It o^ft ai§Q be understood from this disclosure 
that as the edges of the vessels aye brought infc§ 
intimate contact, there is a defined junction angl§ 
noted by $h in Figure 18©. This angle varies 
continuously with reppeet to a linear reference, such 
as the longitudinal oenterline of the vessels at the 
junction, as a unit vector associated with the angle 
follows around the periphery at the anastomotic 
junction. The means and method of the present 
invention permits this variation in angle. This 
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^ifeisp iq gu^ti©& 3Qgl§ £ff§8$s a pm&e$l¥ §km%4 
§p»g&gm@si.s fQ? $issimilaf |y sizied vessels!, ?y,§ 
a*|fl§ will #l$g vn3?y i| §hp Hi@l a?%4 the 
^ep^^diiig the appr^pfiatf angl© of the fi?aft 
vassal, as ph©w& in Figu^ 44 at j&' , JA' 1 
r8§p@e£iv§l^. 

By way Qi sefeirenee, a siRfl© euff 3i4§-6g>*§|4§ 
asiast;@m@sis is sMmn in Fifu^e 17. 

THe doufel^ guff fQ&m ®£ t&g invention is 
illustrated in Fifures 19-34. &s ean tea seen 

* FifuaF's 21) f cms guff 40' i& attashei fc© § fffifl 
fe>i$od vessel <3, and a §§eQ&d ^ufl 40?' is a$t§eHi$ l§ 
the a^t§2?y h, hs mm b§ $etm in Fiqxxm %S t %h»W9 i§ 
a spring between the fasteni&g means at tasking th§ 
euff t$ th@ v@g§§l and the sdfe ®f fcha affctary. fh|§ 
ipagiaf i§ §§ieefc§d the loose §dge ©£ the vassal 
§a& ©till be e@nti^ll©d, teut th§ fastening means is 
n§t legated t©§ eiast tQ th§ §df@ of feh§ v@g§§i. 
Irinfinf the euffs te>f§feh§3f in this manner d@g$ net 
mishandle th§ &l©ed v§§s@lg and g>??@m<3tes gffieiiint 
healinf of fch@ junction, A spaeing of 1/2 mm t© 1 mm 
is shewn in Figure is , H^wsvaar, this apasinf is 
diael$s@d $®w fehs sak© ©f eompletenass and i® net, t© 
ta&§n a© limiting, 

M©a&£ i®w j§ininf guff tp the ©th©3f in the 
d®ufel§ m€f farm ef ■ she invention ingiud^g ®n§ unit 
98 iim& to eh© f5raft {euff) feload v@a§©i q and §ng 
unit 99 fi&ed te th& a^ttry imi€) A. As shown in 
figure 19, a f©mal£ gi§m©nt ieo if fii^d to euff 4Q' 
a^d a q^rresp^nding mal$ element 102 is fi^d t@ suff 
40'', F^maif ei@m@iat 1Q0 include© an @y^i^t 194 fehae 
ha§ an op^ninf ^i^§d and shaped to snugly afeeeive 
malt el§m§&t IQI m^unfefd ©lament ia§ t© tst^bii^h 
a frioti^n fit b^twi^n ©l^maat^ 10Q and IBS that 
saeuraiy e@upl^@ feh@ twa eufgs t©§©th@r. Tha 
9ve€«»9d feh^ euff joining msans inelud§§ 



base $B and gg, §agh being !©<?at@d pn 
©I Sh@ guffs #3 is? shown in Figusros 22 and 33. 3aeh 
ouff has %m mal§ elements and two famale elements 
with the mal® eleweats ©n each base whereby a sssusre 
attachment ip egfegbed. 

san fee understood by those skilled in the av% 
fey eoroparing Figures 21 and If, the double euff fo^ 
of tehs invention usas few© euffis, such aa 4§< 
40'', to attaeh two blopd vessels together, wh§;rea§, 
the single quffi form of the invention ussg a single 
fuff 40' '< 6© attach two blood vessels t@geth££. <fhM 
double mi£ form of the invention ha§ two aimA3i§r 
^yffs attash&d tofoth&r by a qiouplinf m§an£ . 
single QUff form of the invention has a single guff 
with the two ends thereof identioal oaoh having a 
stiffening framework therein and each having tissue 
retention pins ( ' thearein. h sinfle body unitary 
4?"' forma the euff 4Q'", 

Beth foi?m§ of the invention, the single suff and 
the double guff, fan be uaad to form both a 
side*"t@-*eide anastomosis and the double guff §®wm <*&n 
be used to form an end~to-aide anastomosis. 

The double eyff form of the invention is applied 
as indicated in Figures 19-23 . h tool, whioh will bm 
diaoussed below in oonneotion with Figures 24 ee 
is used to piaoe a ouff on the graft, and then a 
seeond euff on the artery, The veaaelg are then 
oriented adjaoent to eaoh other aa indicated in 
Figure %9, and then brought together so the two euffs 
are ooupled aa indicated in Figure 20, The guffs are 
thin eoupled together aa indicated in Figure §i to 
form an ©nd-to-sida anastomosis as indicated in 
Figure or to fe3?m a aide-to~side anastomosis m 
£hewn in Figure 23, The two euffs are aoupisd 
together by a iuitable fastener, such a§ the 
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afe8^e*$i§<*u§§e$ fgale/feinfLle coupling §h$vm 

$l$mmtiv% Mm si eugf j©iBisg rceang 

#©y the double euff §®&m of the invention is show^ in 
Fi^u^e 94 > This fo^m of the gsuff joiniaf mgftas 
i^siyctsg rivets q?f staples 313.4 in plaee of th§ ml® 
aiad female elements #igguspi§4 above, The rivese 
staples are plaeed in fea§£g 98 and 99 and h©34 th§ 
bases together in the manner discussed above for the 
male and female elements X04 and 106. 

Ag disputed above, the anastomosis t§@hni@ye 
the present invention is intended to fee performed in 
i minimally invaiive manner* Thersf^re, the §u#f§ 
disgueeed above my it be plaeed on blood vef3§ei§ that 
are located inside a patient, with the a^te^y 
gar^yinf felled. As was also dieeuiaed above, the 
anastomotic teehnifue of the present invention may 
involve extremely small blood ve©eela, Aeooardingly, 
she instrument used to effeet the anastomosis must be 
very aoeurate and precipe, yet will not mishandle the 
blood vesg@ls during performance of the teohnifue, 
The instrument will piaee a ouff en the artery while 
permitting bleed to flew through that artery, and 
then will piaee a oorresponding euff on the graft 
blood veesel, or will attach the graft blood vessel 
to the single euff mounted on the artery in the 
single euff form of the invention, The instrument 
will then be ug§d to shape the euffs ©o the junction 
is the most efficient and will permit proper healinff- 
Ail of this must be earried out in a minimally 
inva^ivg manner. 

The preferred form of the instrument uaed to 
mount a euff t© the artery in both forms of the 
invention and to mount the euff to the artery and to 
the fraft in the double euff form of the invention is 
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§h®w in Misuses 95-39, with Fi§u*e £§& §jhowin.g $ 
gull in conjunction with the, instrument, in.sitEyFne.Ri 
i§9 brogdiy cemjarisee a. handle frame 122 Having 9 
Handle 124 that is grasped fey a surgeon, during 
Pferatien of the instrument, and a finger lysine 126 
Having, a f infer grip 12 8' which is operated by the 
«u?fS9n, two driver elements 130 and 13? piv»t«Uy 
attached, to the handle frame, a graft: anvil 134 and 
an artery anvil 13 f. 

Mere specif ieally, in Figure 22, handle frame 
123 includes a U-shaped aeetion having legs 146 and 
142 attached at one end fee handle 124 and which are 
spaced apart t© define a channel 144 therebetween , 
iagh leg ha? an inside surface 146 with fc= shaped 
anvil alignment slots 148 and 150 defined in the legg 
fee have short legs XB2 that intersect the channel and 
loner lege 1S4 defined to be parallel to the channel. 
The function ©f the anvil slots will be understood 
from the following discussion. 

The handle frame further includes two ears l§Q 
and lis, The ears include two spaced apart plates 
169 and 162 with borep l€4 and im defined in each 
plate to be centrally aligned with each ether for a 
purpose that will be understood from the following 
discussion. The handle frame further includes two 
rails, such as rail no, on the outer edges ©f the 
lege 149 and 142, 

An undercut region l?4 is defined in the 
proximal end of the handle frame with a top shoulder. 
176 defined therein at the top entranee to channel 
144. Shoulder 176 i @ u-shaped and has a channel i?8 
defined between leg iao corresponding to leg 140 and 
leg 182 corresponding to leg 142, 

Finger frame 122 ineludes a u-shaped bag© i§4 
having two lags i§6 each connected to a center 
section i§o an d defining a channel 192 therebetween, 
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k ii9t IH i§ $Qm$$ th<g intersection of §§§U 

th§ <zmt%i? section, with slots 194 feeing si?<ec| 
§n& located £p slid^tely receive railp 179. gliding 
e^ga^ement teetw§en the r^ils and the slots permits 
fch§ fifiper frame to move with respect t© the h£*idl§ 
frame longitudinal Jy q£ fchg channel 199 as is 
indicated by the double-headed arrow 3.96, with handls 
frame 122 moving in direction 198 with respect to 
finger frame 126 to open the instrument anvils and 
moving in direction 290 with respect to the finger 
fr^me to elose the instrument anvils as will fee 
discussed below. 

Sash leg 19$ of finger frame IIS further 
deludes an ea^, such 3s §ar 202 on a distal end 
thereof t© which a guide pin, such a$ guide pin 284, . 
is fixed to extend past the handle frame leg adjacent 

Instrument 13Q further includes few© pivet pins 
206 and 299 accommodated in the aligned bores 1^4 and 
Iff. Saeh of the driver arms 130 and 132 ha© a pivot 
gin reviving hole 210 and 212 respectively defined 
in the proximal end of arme 214 and 216 respectively. 
A crescent ^shaped driver element 218 and 220 is 
located on the distal end of each arm 214 and 216 
respectively with a cam ©lot 222 and 226 being 
defined in the arm© 214 and 216 respectively, 

The arm© are pivotally attached fee the handle 
frame by the pins- 206 and 308 to move in directions 
22g and 228 ae indicated by d§uble~headgd arrow 23 9 
when finger handle 12f moves direction© 198 and 200 
respectively to open and close the driver heads 218 
and 220, slots 222 and 226 slidably receive guide 
pine 204 to effect this opening and closing movement, 
Since the driver arms are fixed at an angle to handle 
frame 122 by pivot pine 206 and 208 and guide pins 
204 move longitudinally with respect to the handle 
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f^p§ §nd slidab^y sng&ge ®m slots 222 $nd 32g, 
longitudinal movement of the finger frame with 
reppect to the handle frame will cayse the 
above merit ioned pivotal movement ef the snvil a^ms. 
The opening and closing of the driven a^ms i§ 
illustrated Figures 37 (closing) and 28 (opening) , 

Sach driver head, ?18, 220 has a V- shaped 
euf f ^engag ing edge, such as edge 232 which i@ si^ed 
and shaped to engage the waist section 49 of a cuff. 
Each edge 23? also has two surfaces 234 that diverge 
away from each other f^om the edge 23? to engage 
surfaces 236 and 23§ (see Figure l?) respectively gf 
the cuff section© 32 and §4, Engagement of the 
surfaces 234 and 236, 238 along with a movement of 
the anvils 136 and 139 forces the tissue fasteners 62 
into the tissue of the blood vessel while shaping the 
cuff to the blood vessel. 

Th§ tissue fagteners must fee turned in the 
manner of a staple in order to fully connect a cuff 
to a blood vessel . Accordingly, instrument 120 
includes artery anvil 136 and graft anvil 134 which 
are removably finable t© the handle frame. Qraft 
anvil 134 includes a body 240 having a threaded 
portion 243 on a proximal end thereof, a graft anvil 
head 344 on a distal end thereof and alignment pins 

246 between the two ends thereof. A fastening knob 

247 is also included with instrument J3Q, and is 
internally threaded to threadably engage threaded 
portion 248. 

Knob 2Ai is accommodated in undercut area 174 
and threaded portion 24 2 is extends through channel 
171 to be engaged by the threaded portion of the 
fastener 247, Longitudinal movement of the graft 
anvil in directions 260 and 262 is effected by 
threading the knob 24? on the threaded portion 242, 
Threaded movement in one direction moves the graft 
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%m'i,l in dir§&£io8 26g threaded movement is £t%a 
opposite direction mov§e the graft anvil in digestion 
260 whereby the location of the graft anvil he$id 244 
with repjpeet to the driven elements %%8 vl %%Q sain b$ 
§ adjusted azad Th# purpose of this movement will 

be under§t$3d from discussion in this diseio^urg, 

A groove in knob 247 engages lip I7g of Hindis 
120. Sinee knob 24? remains stationary the anvil 
moves up or down to bend or cinch the fasteners §3. 

10 Pody 246 includes a first portion 248 and a s$6©&d 

portion 250 that is angled with respeot %o the 
portion ?48, Sraft anvil head 244 has a srsximalL §nd 
thereof fixed to portion 25Q to extend t^sve^^ feo 
longitudinal oenterlint 2§g of the body 94 a, ¥h§a 

IS length of body 249 as measured between its proximal 

and distal ends is greats* than the length of the 
handle frame as measured along its longitudinal 
eenteriin© 3§3 between the shoulder us and distal 
end 356 whereby graft anvil head ?44 is apaoed from 

30 distal end 256 when the graft anvil 134 ie mounted on 

the handle frame, Arm 248 is also long enough so 
that graft anvil head 244 is also spaced from driver 
heads 218 and 229 when the graft anvil is in plaee on 
the handle frame. Alignment pins 24 @ are received 

2§ through anvil slots 148 and 150 and are glidably 

aeeommodated in slots 154 go the graft anvil is 
seourely and movably affixed to the handle frame, 

Artery anvil 13$ ineludee a body 370 having 3 
threaded portion 27g on a proximal end thereof and an 

30 artery anvil head 274 an a distal end thereof. 
Alignment pine 2?£ art located en the body to be 
received through alignment slo£s 152 and slidably 
aoeommodated in slots 154 on the handle frame, when 
the artery anvil is attached to the handle frame, 

31 threaded portion %l% extends* through channel 178 anei 
is threadably received by knob 24 7 to attach the 



a^fce^y $Fivil fc© thg fasndlg frame and t© me>ve that 
artery a^vil in diseefcigne 260 and 26? with f?eggget 
fe© the Handle £ raise ag w&s discussed above with 
?©ga?4 £0 fche graft anvil whereby tha leeati^n §£ th§ 
artery amil head 874 with resgest to the drivgir 
heads %i8 t ggQ can ^ ae^, The artery anvil ft$&$ g?4 
is located beneath the driver heads se> that th§ head 
ean te? inserted into an artery and a eu£f feeing 
mpmrte$ by the driver heads will be leeated sufegiie 
that artery, Qnee the artery anvil head is 
positioned inside an artery, the kneb 247 i@ 
fc§ m@ve the snvil head ?74 toward the driver heads 
318, 229 until the cuff supported in the heads. lis, 
129 engage the qutaide ©f the artery. The tissue 
retention pirn san then fee §@t< 

Artery anvil head 274 include® a bullet shaped 
teedy §8© having twe end© 28? and 284 with a bypass 
channel 2§i defined long itudinally therethraugh frew 
one end g§g t© the ether end 284. This channel 
permits bleed flow through the anvil head maintaining 
perfusion while the cu££ is being attached, h 
fastener turning seetien 298 is defined in top 
surface |fQ of the head 174 adjacent to the 
intersection ©£ the head and the b©dy §70 and in a 
legation to receive ends §e <=>£ the tissue fastening 
pins when they are forced through the ble©d vessel 
wall, The fastener turning section is eene&ve the 
pin ie turned as it engages and follows the anvil 
he^d surface adjacent t© the turning seetien, Thi§ 
rotates the fastener end se? the fastener is gradually 
bent frem the Figure ih shape to a curved shape shewn 
in Figure 2S , fer example. The tissue fastener is 
forced t© fallow this turning section by engagement 
e£ the driver head surface against the cuff and 
againet the fastener fee>dy f? as the heads 218, 220 
are moved into engagement with the cuff by operation 
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©I the ginger twm$ J?8 as the Artery anvil i$ 
m®va4 in ^ireetion 26Q fey operation th@ ^pte 24? 
93 thr§§4ed portion ?72 , 

©siver heads 33.9* ?g@ inslude <£s>skiaf pine §94 
whieh reiea§i§bly engage haleg 80 and 9© q| feh§ 
d©stei^£ fins 76 snd 8| ©n the cuff go e©W®;l %h% 
shape of the mii . Tfef friction fit fe§|we§s?a pine §§4 
$nd the gins ?q and ss is great enough t© permit lh§. 
<3uff be pulled and shaped by movomenS of th§ 
driver hestds, but low enough so the pin§ 194 §m fe§s 
pulled ®u$ of the dooming elements without pulling 

cuff off Qf the blood vessel . Alternatively, 
pine 294 q@uld be ret^eted through a Sie?cib|£ s?h§#t 
eonnegted usp to the handle. Fulling the driver headp 
outwardly in direetion 326 will enlarge the junction 
and will shange its shape from oblong toward 
eirsular, Therefore, a surgeon ean shape the 
junction in the manner that is moat efficient to 
healing and to defining an e£ festive anastomosis, 

An assembled inetrument is shown in Figure 26 
with an artery anvil being inserted through an 
ineission I in an artery a and a euff 4 6 on this driver 
elements- As ean be eeen, onee the incision is made, 
the artery anvil head is button holed into the artery 
vi$ the ineieien. Ths anvil he<id is actually larger 
fehan the ineision in the artery but ean be angled 
through the inoision into position as ehewn in Figure 
2g, The knob 247 is operated to draw the anvil hoed 
and vmml surface at the ineision up toward h§ad§ 
111, aae f This astion ai§o isolate© the working as 1 ©© 
from motion associated with the beating heart. As 
indicated in Figure %i t after the head supported cuff 
contacts the outside of the artery, driver heads 218, 
220 are operated to foree the edges 232 against the 
waist 49 and against the surface© 236 and 238, and 
the knob 247 i@ further operated to draw the anvil 
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§nd the ougf tegether. Further operation of the knote. 
24=7 #©rees the tissue fasteners through the bl©c?d 
vessel tissue, int© turning section 388 and around, on 
themselves in the manner ©f a staple whereby the guff 
is fixed t© the blooa vessel. During this ©pencil: i©n, 
bleed flows though the. artery vis ehannel ggs ; Qnge 
the guff is attached t© the artery, the driving Hsads 
13,8. 220 are opened as shown in Figure, §§ s© ghe 
anvil head 2§9 ean fee remeved from the artery. Sia^e. 
the ©uff is ©©nneeted to the driver heads, ©penirif 
the driver Heads will enlarge the incision thgre&y 
permitting the artery anvil to be removed. 

fhe g^aft vessel is prepared in a similar- 
manner, The graft anvil is inserted infc© the graft 
blood vessel via the end of that bleed vessel and is 
tied t© the graft anvil head 244 with a parroting 
suture. The graft anvil 134 is attached to handle 
frame 122. The instrument is operated to attaeh a 
euff to the graft blood vessel in a manner similar to 
that just described f©r attaehing a euff to the 
artery. Actually, the graft is prepared first 
because the surgeon has more time to work on the 
graft than ©n the artery. The graft anvil allows the 
surgeon t© prepare the graft on the anvil first and 
then attaeh the anvil t© the instrument at a later 
time whan it is eonvtnient t© 4© so, 

The instrument is then maneuvered so the graft 
blo©d vessel is adjaeent t© the euff mounted on the 
artery. The knob 247 is then operated to fore© she 
graft blood vessel into contact with the euff portion 
that is not attached to the artery t© attaeh the 
graft vessel to the artery attaehed euff. As shown 
in Figure 29, the graft anvil head has a fastener 
turning seetion 296 which operates to turn the 
fasteners in that seetion ©f the euff in a manner 
identical to the above -described turning of the 
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fasfc@&av@ in tfee as?t§ry. fhis is illus$ra$©i 
Figure 3§ for a single suff embodiment . furi^g 
sgetion ?9g is uged fee turn the tissue ret^^ti^n pi&g 
to either attach a single <?uff to the tel®§e§ v@§§§! m 
to attach a separate SUff fee' the £l§od v$g§el. Q^fg 
the suff ig attache^ to th$ graft (for the si^fle 
§uf£ smfe^dim^nt) , or the cuff on thg graft i§ 
attaeh@d fe© the cuff on the artery (for the double 
guff §mte@4im^Rt) fey atfeaehii*g the coupling elements 
IQ§ and 194 (for the double csuff form) or the bridges 
lie manipulated to bring the inside @dg©§ 3§ and 
36 < ©f the vessels together, the driver heads 21S, 
329 ar§ manipulated to enlarge the graft incision to 
permit the giaft anvil head to be withdrawn from the 
graft vessel via the end of that vessel, The driver 
heads e&n then be further manipulated to sise and 
shape the junction, and then manipulated to remove 
the docking pins 70 and 82 from the anvil ping 294 to 
release the cuff or euffs from the instrument. The 
garroe suture is cut and the graft anvil is removed 
from the graft. The graft blood vessel is then tiedi 
off and the anastomosis is complete, 

I&sfcsianent siou&tiag a auff on the graft 
artery 

in Figures 39-34 ia ®m f®m of m 
instrument used to mount a euff on a graft artery, 
M alternative form of the instrument is shown in 
Figures 3§~3? s 

As shown in Figure 30 , a graft G is prepared by 
defining an incision 10 therein. The graft has been 
removed and is being prepared and cuffed outside of 
the patient. An instrument 300 is shown in Figure 31 
and includes tongs 302 and 304 having cuff -engaging 
ends 302' and 304' respectively, and handles 302'' 
and 3 04'' respectively which are gripped by the 
surgeon, A pivot 306 is located at the intersection 
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<pf. the tcsngs , pf the tongs has 3 eutQUt goptigj* 

whiqh conforms t© one-Half of the shape of § guff 
whsrpfey a cuff will fee geourely held in fehe %m%§ m 
in figure 31, glementg 106' ' ' i@g>3&8# 
§ m the tongs to snggfs the female eiemifttg 93 gh§ 

euff to hold the e«ff in position on th§ £ongs , 
Pii al§9 fee seen, §3?h torig has a eutout s$@t£@& H8 
fej? eaf&ging anvil 312 shown in Figure 32. 

Mvil 312 include© a central seotion 314 having 
19 an opening defined in % eop section 316 thereof. & 

seetigm 318 includes two side sections 324 33.3, 
§3§h of whioh Hst^ $ output, such as eutout 326 in 

322, defined thtmin- Anvil ng further 
includes a threaded element 328 extending through the 
15 opening defined through top section 316 and is 

pivotally attached to section 318 at 329. Threaded 
element 328 is threadably received through a threaded 
opening 326' defined through section 336, h knob 330 
is unitary with the threaded element 328, Rotation 

29 e£ fche knob move© top section 318 relative to arms 
334 a© indicated by double-headed arrow 332. &rm§, 
suoh as arm 334 have top section 336 engaging the 
threaded element 321, Movement of the threaded 
element causes the hook sections 33 8 to move into and 

3§ out of the cutouts, 

shown in Figure 33, graft Q is drawn, upwardly 
through the ouffi mounted on instrument 3 00 to located 
edge QE above the cuff, and above the fasteners if of 
the cuff. Then, ag indicated by arrow 340, anvil 312 

30 is moved to orient hooks 338 in cutouts 310. Thi© 
condition is ahown in Figure 34, 

Side aeotions 322 and 324 are unitary, and each 
includes a fastener turning area 343 and 345 located 
to engage fastener 66 when the anvil is operated, 
3§ After the anvil is engaged with the instrument 

300, movement of the threaded element force© element! 
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m m4 324 downwardly m%il turning *$«*g 3.43 ana 
34| engage the ends ©f fasteners 66 . Further 
mevemsne the elements sgg, 324, turns fasteners, 
areung ft© attash th«t cuff $ @ the graft vessel in the 
mmsiw 9f a staple- Qnee the euff ip secured %e, 
vtsssi , she anvil ig released, and S»e ewff and 
attached vessel removed frem the instrument 3qq. a 9 
will be understood from the above diseussiem, ehe 
fasteners €6 are evenly turned by the anvil to evenly 
mount the euff to the graft. The cuffed graft mn 
then be laid aside until it is needed. 

An alternative form af an instrument used So 
mount a euff on a graft is shewn in Figures 3§-37, 
The graft is prepared' in the manner diseussed above. 

End euff attaching tool 350 includes a housing 
3S2 having a forming eavity 354 defined therein t© 
extend from end wail 356 adjacent to edge forming 
elements 313 and 310, Housing 352 is siidabiy 
mounted on plate by a track 363 t© be moved by 
hand pressure in directions 3S3' and 3f3' * , Housing 
3 §4 is mounted on plate 362 and siidabiy receives a 
pushrod 366. Pushrod 366 has a link 368 attached at 
one end thereof by a pivot pin 370. Pushrod 3SS can 
be operated by hand e© move in directions 372 and 374 
as indicated by double-headed. arrow 3 76. 

A tilt table 388 is pivotally attached to the 
plate 362 by pivot pins, such as pin 382, and is 
pivotally attached to the link 368 by pin 384. As 
can be seen in Figure 35, movement of the pushrod in 
direction 374 tilts the table in direction 386 about 
pin 382, and vice versa for pushrod movement in 
direction 372. The table moves from the position 
shown in Figure 3iA to the position shown in Figure 
3iC under the influence of this pushrod movement, 

A vessel receiving element 3 90 is mounted on one 
end of the plate 362 to extend upwardly and outwardly 
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&&e£$f psm m Pfie as ®k®m in Figure 35. f§tei§ 
38@ includes a euteut sestioa 39$ whieh refeiveg a 
eyff with euff tee 3 94 en top and euff heel 3 9g on 
the bottom, Table 380 includes alignment; 399 
that a*e revived in alignment: holes 4 9@ ,© n the ©yf f , 
and alifsmenfe holes 4Q| that *e©eiv« alignment pins 
404 %he euff to releasafely secure the euf f £© ^h.e 
ftafele, 

As ean tee seen in Figure 3§, shaft 310 will 
extend through the euf f -reeeiving section 3 92 and 
throufh the cuff mounted on the table. Graft; <* is 
placed over the shafe to extend through fens cuff wish 
end 406 attached to heekg 408 on the table %® 
temporarily mount the graft to the. instrument plate 
3 ^ 2 - Operation of the pushrad tilts the table in 
direction 386 to bring the euff down on .top of the 
graft as <§an he understood from Figures 3<S&, 3 01 and 
ise. ©nee the euff is in piaee as shown in rifim 
. 3 §6, the housing 3§§ is moved toward the end of the 
fesbie in direction 3«3" as shown in Figures 3§e and 
3€D, The euff and graft are guided into eavity |§4 
and the front end of the cmff and graft engage the 
end of the eavity as indicated in Figures 3iB and 37. 
The shaft 3 90 includes fastener turning areas, such 
as area 410 and the turning movement of the table 
forees euff fasteners through the graft and into 
engagement with the shaft at the turning areas, 
Further turning movement of the table turns the 
fasteners t© eouele the euff to the graft. Movement 
of the housing 352 in direction 363' ' engages 
J-shaoed fastener if with the housing and forees 
that fastener through the graft and into turning ares 
4i@, Further movement of the housing turns the 
fastener to eouple the -ouff t© the graft. Ones the 
J-shaped fasteners are goupled to the graft, the euff 
is eeupied to the graft and the housing ean be moved 
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ia direction 3p< ana, &abie 3ge movad 99994 c© 
direction 336, The §uf fed-graf t can them be, ?3ffl@vftd 
frem the shaft 390. The J-shape of fasteners gg« 
prevents? the graft vespel from besoming damaged fr-om, 
Otherwise protruding pin§ from the euff an the 
fcUfc- feeble is b«Anf rotated- The variation i$ shape 
©f the fasteners thus protects the graft? vessel. 

As before, onee the graft vessel is euffed, it 
ean be set aside until the artery is euffed. 

Inat^uHie^t for coupling one cuff fee another 
Shown in Figures 38-40 is an instrument that ean 
be used to couple one euff to another in the 
deuble = euiff form of the invention. As. shewn in 
Figure 38, instrument 4S0 is releasably attached fee a 
vessel -mounted euff, and is then operated to attach 
that euff to another vessel -mounted euff. One euff 
ean fee attached t© an artery using the instrument 
shewn in Figure 31 (using elements 130, 132 and 136) 
while a euff ean be attached to a graft using the 
instrument shown in either Figure 31 or Figure 3 5 in 
an end- to-side anastomosis, or using the instrument 
shewn in Figure 2B twice (using elements 13 9, 13 2 and 
136 to attaeh a euff t© an artery and using element 
134 to attaeh a euff to a graft) in a side-to-aide 
anastomosis . 

The two cuffs are attached together using 
instrument 4§0 shown in Figure 38. Instrument 450 
includes a handle 452 having a hand-grip 4S4 on one 
end thereof. A trigger housing 456 is mounted 
adjacent to the hand grip. An anchor element 4S8 is 
also mounted on the handle adjacent to the hand grip. 
A euff engaging section 4 60 is mounted on the other 
end of the handle and includes a base 462 having a 
forward end 464 and an aft end 466. Cuff engaging 
C'Shaped hooks 468 are pivotally mounted on the base 
seetien by pivot bars, sueh as bar 470 extending 
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thr-caugh. %ki k&QkQ §9 %k§. hooks pivot in digest isms. 
472 and 474. Slumping hoeks 475 and 478 are also 
3^iv©feaXiy mounted on the tease section fey bars 4?o to 
rfipve in eh* directions 47? and 474. nooks 468 are 
5 spring teiased in direction 474 by springs, such us 

spring 480 and hooks 476 and. 478 are fixed to bar 470 
for rotation therewith, Hooks 476 include eutout 
portions, sueh as portion 482, it is noted that a 
hook 4 78 is net shewn in Figure 3 8 but is legated an 

10 the base diametrically opposite to hook 4 78, Heekg 
468 elamp instrument 450 to the euff, and hooks 47$ 
and 478 fe3?g@ the male fastening elements sueh a© 
element jag of one euff thveufh female elements, aue h 
as element 104, ©f the other euff. For this reason. 

11 hooks 476 include a cutout aeetion to accommodate the 
male element, whereas hooks 478 de not include a 
euteut seetion as these hooks engage the female 
el@mep.tg, 

The heeks are operated by hand. As shown in 
20 Figure 38, hooks 468 are operated by mechanism 490 

which includes a tether 492 attached at one end 
thereof to element 4S8 and at the other end thereof 
ears 494 on each hook 468. Tether 492 extends 
through guide 4 96 which is located between the ears 
25 494 • Therefore, movement of element 458 in direction 

498 draws ears 494 together in directions SOO' and 
S00" against the bias of springs 480, The springs 
tend t© move the hooks into euff engaging positions, 
sueh as shown in Figure 39, and the tether is 
30 operated to release tool 450 from the euff. The tool 

4S0 is shown, attached to a vessel mounted euff in 
Figure 39. 

Hooks 476 and 478 are operated by a system 504 
whieh includes a tether 506 attached at one end 
35 thereof to the trigger housing 4 56 and at the other 

end thereof to levers 506. The tether extends 
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guides §08. kevesg sag a^e pivefetUy mm*&4 
m the fea§§ section lay Sio to m.^ve in 4ipe@6i@i? 

S12 when the trigger Housing is m©v$d in dirse^ion 
514, ?h§ pivet pins §10 ars fixed to rod 470 tip 
rotate that rod in qlimgtim 112 with the levels . 
Hpoks 47§ and 47@ £3*e f i#ed to the rod 470 for 
rotation therewith, and rotation of the levels in 
digestion 512 rotates the rod 470 in direction 5JS. 
Rotation of the hooks 476 and 478 in direction si« 
moves those hooks from the Figure 38 position t© the 
ouff engaging position shown in Figure 40 B Rod 47Q 
i@ also spring biased fey a torsion spring, m wh§n 
the trigger housing is released, that rod will defeat© 
6© release hooks 47$ and 478 back into the Figure 38 
position, 

&£fe@r the tool is mounted to a cuff, that suff 
is attaehed t© the other cuff. The cuff and tool are 
moved adjacent to the other ouff, as shown in Figure 
39, and the two euffs are brought together and 
eouplsd a§ above described, 

Me; t hod 

Figures 41, 42A and 42B represent the method of 
using the above -described instrument in performing an 
anastomosis according to the teaching of the present 
invention. 

The following steps are ussd to effeet the 
anastomosis of the present invention in the single 
euff method. 

The location of the anastomosis is determined. 
The graft is pulled onto the graft anvil. 
The graft is garroted to the graft anvil. 
The graft and graft anvil are set aside. 
Perform arteriotomy. 

lutton-hole artery anvil into interior lumen of 
the artery , 

Book the artery anvil to the instrument, 
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<3|ngh Sas6epe3?s jelling che $'4>ii 19 the 

©pe^atg t&he in§trum§nt to opaa$ the arteriatqmy 

to full length, 

©pen the driven hg&ds and bend $hape eh© suff , 
Seta^h th§ arfc3£y anvil from the in^trum^nt 

remove the aaptsry anvil from the artery. 

gloap the drivers to aeeept the graft anvil, 
Beak the graft anvil tp the instrument , 
Cinsh the fasteners joining the gu££ to the 

graft (single guff form) , or the euff on the graft; to 

the euff the artery (doufele ouf f embodiment) . 
Release the graft garrss, 

Release ghe graft anvil from the instrument and 
tie off the graft end, 

Open the shape of the anaptomosis with the 
inigfcrument . 

£elea§e the instrument from the ouff or euff#. 

The doufele euff technique is shewn in Figure 42A 
for a side-to-side anastomosis and in Figure 428 for 
an end- to-side anastomosis . 

It ahould also be understood that while the 
hemostatic medium is ahown in the preferred 
embodiments, there may fee certain usee, suoh as 
mentioned above, of the device that will not require 
the hemostatic medium, The joining at lumens like 
fallopian tubee is one example- It is therefore 
contemplated that this dieoloeure will gqver an 
anastomosis means and method whieh omits , the 
hemostatic medium, One example of this hemostatic 
medium- less anastomosis is shown in Figure 43 in 
whieh the tissue pin© are staggered in a manner that 
allows the approximation of the tissue in a sinuous 
juration line. This will mimis the type of 
approximation that sutures provide by interweaving 
from one side to the other. The sinuous junction SJ 
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is 5b9WR. in Figure 43 as tissue pi 39 attaehed %® an 
ex-t@rn.al malleable stent S. Tissue is sh^wn as 

It is lyrther peseifele at that point to join the 
two stents with materials that are flexible but which 
still held the edges in approximation creating a 
living hinge between the two stents. The junction §j 
will thus be a living hinge about which the two 
vessels ean pivot or move. Figure 43 shows a single 
euff design with only one bridge being shown for the 
sake of clarity of disclosure, it being understood 
that other bridges, as discsussed above, are also, 
included in the Figure 43 embodiment, A double sugf 
design is shown in Figure 45, with only one coupling 
element being shown. 

Although this invention has been disclosed and 
illustrated to show the anastomosis of small distal 
grafts, there are other surgical procedures that will 
benefit from this type of improvement as will occur 
to those skilled in the art based on the teaching of 
this disclosure. For example, a proximal graft 
attachment to aortic supply, an anastomosis of other 
luminal structures such as, but not limited to, 
Fallopian tubes urethra, ureter, bile ducts, etc 
can also be performed using the means and method 
disclosed herein, 

Figure 46 shows the use of the present means and 
method as applied to multiple grafts. As above 
discussed, where an existing blood supply conduit, 
such as the IMA, is not available to use, an 
artificial supply vessel must be grafted. Usually 
another vessel such as the saphenous vein is 
harvested from the patient's leg. At this point, the 
graft must be attached to a supply. This is usually 
the aorta AA. In the area above the aortic valve, a 
proximal anastomosis p is performed using the 
techniques discussed above to attach the new supply 
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QQn&iit to th$ The means and method disoysged 

afesve is ueed t<s perform this procedure. Th§ mmm 
and method discussed above is also used to at^&sh th§ 
jump graft JG in an end-to-side manner E3 in addition 
to the side-to-side mariner shown. Multiple crafts 
are thug effected using the teaching of the present 
invention, &s will be understood by those ©killed in 
the art baaed on the teaching of the present 
disclosure, any vessel that needs to be by-passed 
joined use she techniques of this invention. 

In addition, it is understood that while £h@ 
invention is particularly well suited for endeggepie 
use, it is in no way limited to such application. 
This invention will work equally well in an "open" 
surgical setting. Accordingly, these situations are 
intended to be included in the scope of the present 
invention. 

It ig understood that while certain forms of the 
present invention have been illustrated and described 
herein, it is not to be limited to the specific forms 
or arrangements of parts described and shown. 
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h) a Hwstz malleafelf tflQujating structure for 
mounting on § first vessel; 

§) 3 second malleable mounting structure |©p 
mount-im ©n a seqend vessel; 

S) fa§t§ner means for fastening said first mounting 
structure to said second mounting structure; and 
D) means in each mounting structure for maintaining 
the mounting structure associated therewith in a 
selected shape so a desired flow area and shape ean 
be established at the junction of said first and 
second vessels. 

2. For use in connecting a first vessel t© a second 
vessel, eaeh vessel having an inside edge surface 
extending radially ©f a wall of the vessel, an 
anastomotic device comprising: means for placing the 
inaide edge surface of the first vessel in abutting, 
healing contact with the inside edge surface of the 
second vessel so the vessels heal together at the 
inside edge surfaces of the vessels, a stiffening 
framework said stiffening framework being formed of 
deformable material which causes said stiffening 
framework to remain in a second configuration after 
being deformed from a first configuration, means on 
said stiffening framework for attaching said 
stiffening framework to the outside surfaces of both 
the first and second vessels, said stiffening 
framework holding the inside edge surfaces of the 
first and second vessels in a first orientation when 
the stiffening framework is in one configuration and 
causing the inside edge surfaces of the first and 
second vessels to be in healing contact with eaeh 
other when the stiffening framework i @ in a second 
configuration. 
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|, ^he ^BM&tom^ti^ device defined i& £l$i$ | 
wherein sack mei^RtiBg gtrueeyre further iagjuelag 
mea^s f©j? mountijnf ®%$h minting structure ft He 
vessel ^sgoci&ted therewith adjacent to an jae'is&QB 
5 in the vessel and for plying an ingid® edge ©f thg 

first; vessel immediately #dj§q^nt to the incision in 
said first vessel in healing contact with an insidf 
§dge of the second vessel immediately adjacent to the 
incision in gaid second vessel. 

19 4. The anastomotic device defined in Claim % 
wherein spid first and second vessels are in 
iider-t^-iide contact with each ether. 

S- The anastomotic device defined in Claim 1 
wherein said first and second vessels are in 
i§ end'to-side gentaet with each other, 

f . The anastomotic device defined in Claim l 
wherein each of ©aid first and second mounting 
structures include© a flexible body, and means for 
attaching said body to a vessel . 

20 7 > T ^e anastomotic device defined in Claim 6 wherein 
said means for attaching said body to a vessel 
include© retention means. c 

8. The anastomotic device defined in Claim i 
further including means for placing said retention 

2§ mean^ in said vessel. 

9. The anastomotic device defined in Claim 8 
wherein said means for placing said retention means 
include® an anvil, 
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IQ. Whe a&a@t@mQ£i@ dmim defined in Slaim § 
wkggpsin said anvil i^elu^g § curved surface fs>r 
tu^ningr staple^ 

%i s $n&stpmQ|ie <|@vi@« dffined in giaim 2 

5 wh@3?ein paid f^Lrst and gegond v§§sei§ are in 

side-t<?^si#@ coataet with eash oth$r. 

. An anastomotic devise comprising; a mounting 
structure for mounting on the outside surface of a 
first vessel adjacent to an incision and on th§ 

19 outside surface of § second vessel adjacent to an 

irteision in the second vessel, said mounting 
structure being formed of def qrmable material that 
causes it to retain a second configuration after 
being deformed from a first configuration, the 

li outside surfaces being located outside the vassals 

aft©r the incisions h&ve healsd. 

3.3. The* anastomotic deviee defined in giaim 12 
further including means connecting said mounting 
structure to said vessels in position so that an 
29 inside edge of said first vessel immediately adjacent 

to the incision in said first vessel is in healing 
contact with an inside edge of said second vessel 
immediately adjacent to the incision in said second 
vessel , 

( 14, The anastomotic device defined in Claim l 
wherein said means in each mounting structure for 
maintaining the mounting structure in a selected 
shape includes a sinuous stiffening element, 

l§, fhe anastomotic device defined in Claim I 
39 wherein each mounting structure is mounted adjacent 

to an incision in the vessel associated therewith and 
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flew aw i§ larger than the a??ea of @ne §f a.aJ4 
vessels whereby said one vessel if enlarged when said 
mounting s$3?^fcui?es are fastened together. 

l|. $b.e ansgtsrao-sis device defined i« Claim IS 

§ tyh©f©in said npans in eash mountinf sefu@£u3*e Mgw 

min%»inin$ the ipoyntinGj sts?yetuj?e in a selected 
shape onlairgeg the ins.ision in one vessel and 
decreases ^fee size ©f the incision in the other 
vessel , 

3,9 the anastomotic device defined in Claim 2 

wherein said fij?st and seeond vessels are in 
end- to-side eontaet with eaeh other. 

19. The anaetomotie Revise defined in Claim 1 
fusthgjr ineluding means for defining a blood flew 
15 passage and located in one of said vessels for 

maintaining blood flow in the one vessel while said 
mounting efe^uetuspes are being mounted to aaid vessel 
and fastened to each other . 

3-9 s The anastomotic devise defined in elaim 2 
30 fu^thei? including means £@r defining a blood flow 

passage and legated in one of said vessels. £©j? 
maintaining bl§od flow in the one vessel while the 
inside edge of the one veeeel is being placed in 
abutting eentaet with the inside edge of the seeond 
81 veege.1, 

ie. h deviee f©jr performing an anastomosis 
eomprisinff : 

h) a body having a channel defined therein; 
B) a linkage attached at one end thereof to eaid 
3 0 bedy; and 
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(?) & d^ive? m§§n© si££^£h@d t© aftsths? §nd @f said 
linkage t@ be opesa&ed said linkage Iqv fas£§ni?*g 
§ mountij^f structure %m a vessel, 

31, dsvi<?@ defied in Slgim 2S furfche? ins&uding 

5 §invil Having 3 b$dy sized so be 3?e<2@ivad i« §§3,$ 

channel and a hpad whieh is inserted inb® % v§§§e|. 

33 < ffcg device dsfingd in Slaim 2; whe^gifl §3i# hfid 
insiudss a means for defining a blood flaw 

19 p ?he deviee dsfi&ed in Slaim 2| wh%min §aid h§ad 
1@ further includes means £$r turning stagle§. 

36. ?h$ device defined in eiaim 23 wH©$?sin said 
driver means ineiudes a - staple engaging surface. 

3$, The d@vis© defined in eiaim 24 wherein laid 
m©untin§r scjrueture engaging surface is v- shaped in 
15 §3?©ss sectional shape, 

26 f The deviee defined in Claim 23 wherein said 
driver means includes an areuate vessel engaging 

21, The device defined in Claim 21 further infiudinf 
^§ a second anvil. 

3§ 5 The devise defined in eiaim 2? whs^in said 
s§e©nd anvil includes a porfeism which is ;F§eeivsd 
inside a vessel via an end of said vessel. 

39. fhe deviee defined in Claim l wherein said 
!5 meunfcing structures are hourglass -shaped. 
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pfespss in each of said pneunting sfc^ustyrgg %M a 
r§6§B£ipn fea^d in qr? said mounting struetyi?®si . 

?£s ^svice 4e£i«§# in Slaim 30 therein pa44 
m tenfcion £and has virtually n© material memory. 

3?« fh§ device defined in Claim 2 wherein said means 
for attaching said Hemostatic medium to vessels 
includes means for mpvinf the vessels toward §ach 
Qfchgr . 

33. The device defined in Giaim 32 wherein said 
m^ans for moving th§ vessels toward eaeh ofeher 
deludes a malleable feridge . 

34, h method of performing an anastomosis 
eempsisiiaf s 

A) defining an incision in a first vessel; 

9) defining an ineision in a second vessel; 

6) positioning a firet mounting structure on the 

first vessel adjacent to the incision in the first 

vessel so that the inner edge of the first vessel 

adjacent to the incision therein is spaced from an 

inner edge of the first mounting structure; 

©) fastening the first mounting structure to the 

first vessel; 

E) positioning a second mounting structure on the 
second vessel adjacent to the incision in the second 
vessel so that the inner edge of the second v§gg$i 
adjacent to the incision therein is spaced from an 
inner edge of the second mounting structure; 

F) fastening the second mounting structure to the 
second vessel; and 

9) attaching ths first and second mounting 
structures together, 
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39, an4$tgmQtie 4§viqe equipoising? 
A) a gtsnt looted en § vessel to b$ 3oi&§4 %Q 
2L&Q%h$x v§g$§l, £t@nt including a f ^gnupwo^fe 

formed of deform&ble m&t£ri$l that ®m&®§ §gid 
i^mmmk %® rseaia $ £§sond configuration a£fe$¥ it 
has been 4e£9g>m$di frerc a fisst eon? igusatipn/ 
8) means fQf deforming said stent; and 
e} v@@§pl $feta§hing means on said stent for 
attaching §§id stent to the outside surface of the 
v@§sel, and to pogitiqn the inside surf aee of the 
vessel adjaeent to the inside surface §fi another 
vessel . 

36 s The methed dsfint^ in elaim 34 wherein the §t<gg 
©f shaping the fastened mounting structures ineludeg 
defining a flow area whieh exceeds a cross sectional 
area defined by §ne of the vessels prior to said 
attaehinf step. 

37. Th§ method defined in <?laim 34 further ineludinf 
a step of positioning the vessels in §ide-to<=§id© 
orientation priqr to said attaching step, 

38. ?h© tithed defined in eiaim 34 further inelydinf 
a step of positioning the vessels in end-to-side 
orientation prior to said attaching step. 

39 ( ^he anastomotic deviee defined in Claim 2 
wherein each of said first and second mounting 
structures includes a flexible body, and means for 
attaching said feQdy to a vessel, 

4© ? fhe method defined in Claim 34 further including 
a step of maintaining blood flow through one of the 
vegeelg . 
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4i. The method defi&ed in Claim 35 fu3?th§r iml^Mm 
$ step of maintaining blood flow through qne of th§ 
vessels , 

4? t A method pt^fo^ming an &nasfcQm©gi§ 
^o^prisi^g : 

^fining §n incision in a first v$s§si; 
9) defining an incision in a second ve§^§i; 
C) positioning a mounting structure ori the fi?ss 
vessel adjseent t© the incision in the first vessel 
ss> that th§ inner edge of the fippt vessel $dj§e§nt 
t$ the incision therein i§ jsp^egei from an inner qdge 
pi the mounting structures; 

B) fastening the mounting structure to the first 
vessel; 

B) positioning the second vessel adjaeent to the 
mounting structure so that an inner edge of the 
second vessel adjacent to the incision therein is 
spaced from an inner edge of the mounting structure; 
F) fastening the mounting structure to the second 
vessel; and 

Q) shaping the fastened mounting structure to 
define a desired flow area between the first and 
seg^nd vessels, 

43. fhe methgd defined in Claim 42 further including 
positioning the inne?: gdges of the vessels in 
abutting contact with each other prior to said 
shaping st§p. 

44 * A method of performing an anastomosis 
comprising; 

A) defining an incision in a first vessel; 

B) defining an incision in a second vessel; 

C) fastening a mounting structure to each vessel 
adjacent to eaeh incision; and 
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8) shaping said mauntin^ structure to define § 
desired flo W s^ea and shape for the junction of the 
twp ve§§elg. 

41. & metk@$ q£ perf§r$inf an snastomesis 
5 comprising: maintaining blood flow in a vessel; 

defining an ineision in the vessel; fastening a sfc§?*t 
the outside of the vessel; and shaping the st§nt. 

46. Thg method defijag£ in Claim 45 further including 
stabilising the vessel during the stsp of fastening 
10 the stent, 

4?. fhe method defined in eiaim 41 fua?the*3? ineludiaf 
& st§p of dewing the vessels together. 

4§. Th§ method defined in Claim 41 further including 
a step of stabilizing the first vessel. 

l§ 49 * *He method defined in Claim 41 further including 

a step of positioning the inside edges of each vessel 
in abutting contact with eaeh other. 

SO, The method defined in claim 34 further including 
shaping the fastened mounting structures to define a 
so desired flow area between the first and seeond 

v§§§el£. 



11. £m anastomotic? device comprising : 
h) a hemoptatie medium; 

1) a stent leeated on the outside of one vessel 
which is to be joined to another vessel; and 
C) means for bringing vessel walls of said one 
vessel into intimate approximation with other vessel 
walls of said another vessel. 
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v^g^ei in%l\j>&%8 retention mmn&< 

S3, anaseemetie ^gvioe defined in elaim 35 

§ further including a h$m®§stati£ medium, 

§4, ^he &aaste>metie d9vs.es defined in glaim 3§ 
wherein said stent is located en the outsit of the 

Si. The afi$st£>mQtie devioe defined in eiaim 3§ 
18 wherein said v@sgel attaching means includes staging. 

An $jRt§tgm©tie 4©vio§ g^mgrigingi 
a first malleable frame mounted on an outside 
§urfa§e of a first vessel; 

5) a @@e®nd malleable framg mounted on an outeide 
11 surface $ seeond vessel; 

6) fastener me«Hff for fagteningr said first 
malleable frame to said seeond malleable frame; and 
P) means in eaoh malleable frame for maintaining 
the malleable frame associated therewith in a 

26 ©elected shape eo a desired flow area and shape can 

be established at the junction of said first and 
steond veeselg. 

§7, fhe anastomotic deviee defined in Claim §S 
further including a living hinge located at & 
35 junction formed between the first and second vessel©. 

§8, anastomotic device defined in Claim §g 

wherein said fastener means include tissue retention 
pin@ that are staggered with reepeqt to each other. 
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§§ s $i^t©mp|ig d§**igs dpfinsd in 

wh§r@i# the pu^sfciori 5q^@4 between the ewe ¥S§Sil§ 

is sinuQup in shagg, 

@Q, a&as tomcat is 4§viee Refined is §i#im ig 

fia^th^r iseiu^ing m©an§ £®r placing said ^lenfeis^ 
isi §ai4 veepgl. 

61. The a^aetiometig defined is £l$im Sfl 

wherein said means for placing said retention means 
in$iu4§s an anvil, 

S?» Thg itn^gfeomofeio devis§ defined in giaim $1 
whga?ein said a&vii in^ludss 3 ourved eurf^qe f§r 
turning staples. 

§|. The anastomotic devise defined in Claim § 
wherein ©aid means in eaoh mounting structure for 
maintaining the mounting structure in a seleefeed 
shags includes a sinuous efcif fening element, 

€4, The anastomotic devieg defined in Claim § 
whirein aaoh mauling strueture is mounted adjacent 
to an inoision in the vessel associated therewith and 
said flow area is larger than the area of one of said 
vessels whereby said onis vessel is enlarged when said 
mounting structures are fastened together. 

65. Th$ anastomotic deviee defined in elaim I 
further including a blood flow passage defining means 
in one of said vessels for maintaining blood flow 
while ©aid mounting structures are being mounted to 
said vessels and fastened to each other, 

66 f & device for performing an anastomosis 
oomprising; 



A) a n^m&sa? for supporting a maUeg&L? pgesi$; 
8) an §nvil lop? <s©ntrolling tissue fast$nin$ 
elements §pd for controlling vessel tissue dusingF 

<g) mm? tQW shaping said stent in situ 99 

6?, a$agfe@metig Revise defined 4b si^im 3§ 

wherein §aid vessel attaching means includes m§an§ 
for bringing vessel wails in%9 approximation, 

fh§ method defined in Claim 45 further ineludinf 
stgps of performing multiple grafts, 

69, The anastomosis device defined in elaim 3§ 

further including a second stent located on the 

first-mentioned vessel and spaced from said 

f irst~mentioned stent whereby multiple graft© can be 

effected. 

An anastomotic device comprising? means for 
placing an inside edge surface of an incision in 1 
first vessel in abutting contact with an inside 
surface of an incision in a second vessel so the 
vessels heal together at the inside edge surfaces of 
the vessels, and a stiffening framework located on 
the outside surface of each of the vessels and teeing 
fabricated of a deformable material that retains a 
second configuration after being deformed from a 
first configuration, means on said stiffening 
framework for attaching said stiffening framework to 
said vessels. 

71 s The anastomotic device defined in Claim 76 
further including pins on said malleable frames and 
wherein the pins on the first frame are oriented in 
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ml&ziQ.&$bi% with mag%gt 6q Bim Q# %U$ 
%§qqv\<A tmm tQ cppRp^eas tissue located fesfcwessm wim 

98 > £Q§£tpn?Qt:ip d©¥ipe (|efiRfi4 in eiaim ?§ 

further iseludiRf a doskiiaf §yst§m $©rmectinf fehe 
ifci£feni»gr framework cm the first vessel to the 
stif fenisf f^amewoark c>n the second vessel f©r 
gsredueifig a compliant jQiRfc, 

73. ?hs snastoraQtic? d§vie§ defined ±n eiaim §6 
further ineiugtirif mg&ns! for aligning s^d att$ehi&f 
gaid frames . 

fhe aRae&gmefeia device defined in %l%m ?e 
further including tissue fastening ni^ana whieh 
i&eludes pim whieh are arranged with r^speet to eaeh 
©ther fee fesfee tissue interposed betws@n pins between 
she fstfam^s. 
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[received by the International Mux§m on Ql March 2000 (0 J. 03,90) ; 
original claims 1-74 replied by new claims 1-71 (12 pages)] 

1 , An 3!R8stQ!**qtie favm cpmprising; 

A) a first malleable mounting structure for mounting 8i? % 
I fjrst ve§s§|; 

8} a second malleable mounting structure for mounting an § 
secpnd vessel; 

£) fastener means for fastening said first mourning structure 
to said seeond mounting structure: and 
i0 D) means in each mounting structure for maintaining the 

mounting structure associated therewith in a selected 
shape so a desired flow area and shape can be established 
at the junction of said first and second vessels. 
2. The anastomotic device defined in Claim 1 wherein each 
IS mounting structure further includes means for mounting each mounting 

structure on the vessel associated therewith adjacent to an incision in the vessel 
and for placing an inside edge of the first vessel immediately adjacent to the 
incision in said first vessel in healing contact with an inside edge of the second 
vessel immediately adjacent to the incision in said second vessel. 
^ 3. The anastomotic device defined in Claim 1 wherein said first and 

second vessels are in side-to-side contact with each other. 

4. The anastomotic device defined in Claim 1 wherein said first and 
second vessels are in end-to»side contact with each other. 
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§. The anastomotic device defined in Claim 1 wherein each of said 
first and sagond mounting strugture 3 includes a flexible body, and m$m$ for 
attaching m\i body to a vessel. 

The anastomotic device defined in Claim 5 wherein said mmm 
5 for attaching said body to a vessel includes retention means. 

1. The anastomotic devise defined in Claim 6 further including 
means for placing £aid retention means in said vessel, 

8. The anastomotic device defined in Claim 7 wherein said mean§ 
foF placing said rttention means includes an anvil. 
10 9* The anastomotic device defined in Claim 8 wherein said anvil 

includes a curved surface for turning staples. 

10, The anastomotic device defined in Claim 1 wherein said means 
in each mounting structure for maintaining the mounting structure in a selected 
shape includes a sinuous stiffening element. 
15 11. The anastomotic device defined in Claim 1 wherein each 

mounting structure is mounted adjacent to an incision in the vessel associated 
therewith and said flow area is larger than the area of one of said vessels 
whereby said one vessel is enlarged when said mounting structures are fastened 
together, 

W 12, The anastomotic device defined in Claim 1 1 wherein said means 

in each mounting structure for maintaining the mounting structure in a selected 
shape enlarges the incision in one vessel and decreases the size of the incision in 
the other vessel. 
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H. <Fhe §iJj&g;ejpeiic device defined in eiaitn } further iReludiRg 
means for defifiiRg a blood flew passage and located in one ef said vessels, fpr 
maintaining blood flow in the one vessel while said mourning structures m 
being mounted to said vessels and fastened to each other, 

1 4. Fqr use in egnBejting a first vessel to a seeond vessel, eaeh 
vessel having an inside edge surface extending radially of a wall ef the v@ajei f 
an anastomotie device comprising: means for placing the inside @dge surf/gee ef 
the first vessel in abutting, healing eontaet with the inside edge surfeee ef the 
mmd vessel se the vessels heal together at the inside edge surfaces of the 
vessels, a stiffening framework said stiffening framework being formed ef 
difermable materia! which causes said stiffening framework to remain in a 
ss§ond eonfiguratien after being deformed from a first configuration, means on 
said stiffening framework for attaehing said stiffening framework to the outside 
surfaces of both the first and second vessels, said stiffening framework holding 
the inside edge surfaces of the first and second vessels in a first orientation 
when the stiffening framework is in one configuration and causing the inside 
edge surfaees ef the first and second vessels to be in healing contact with each 
other wh§B the stiffening framework is in a second configuration, 

} I, An anastomotic device comprising: a mounting structure for 
mounting on the outside surface of a first vessel adjacent to an incision and on 
the outside surface of a second vessel adjacent to an incision in the second 
vessel, said mounting structure being fbrmed of deformable material that causes 
it to retain a second configuration after being deformed from a first 
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sQRflgiJfaiifm. the outside. §u*fages bswg iesatsd outside the vessels afte? the 
iRcisiaps have healed. 

I ?he anastomotic devjee. defined m Claim 1 5 further including 
means Qorwegting said mounting structure to said vessels in position so that an 
inside edge of said first vessel immediately adjacent to the incision in said first 
vessel is in healing Qomaet with an inside edge of said second vessel 
immediately adjacent to the incision in said second vessel. 

1 7, The anastomotic device defined in Claim 1 4 wherein said first 
and sejoud vessels are in side-to-side eontaet with each other. 

1 8= The anastomotic devise defined in Claim 1 4 wherein said first 
and seeond vessels are in end-to-side eentaet with each other. 

1 9. The anastomotic device defined in Claim 1 4 further including 
means for defining a blood flow passage and located in one of said vessels for 
maintaining blood flow in the one vessel while the inside edge of the one vessel 
is being plaeed in abutting eontaet with the inside edge of the second vessel, 

20. The anastomotic device defined in Claim 14 wherein said 
stiffening framework includes a flexible body, and means for attaching said 
body to a vpssjl, 

21 . The anastomotic device defined in Claim 20 wherein said means 
for attaching said body to a vessel includes retention means. 

%%, The anastomotic device defined in Claim 21 further including 
means for placing said retention means in said vessel. 

23, The anastomotic device defined in Claim 22 wherein said means 
for placing said retention means includes an anvil. 
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14, fk§ mm\Qm®\$ teme 4§fim4 in Claim 23 whs^m mvil 
imluim a curved syifagf fm tummg staples. 

|1 Th© anastonj^tig devise defined in Clpjjn 1 4 whtram !hg 
stiffkamg f^mework ineiudp a sinuous stiffening sternest 

26. The anastomotic device defined in claim 14 whfrmn the 
stiffening framework is mounted adjacent incisions in th§ vessel associated 
therewith and is dpformable to create a flow area between said veisels larger 
than the ansa ®f one said ve§§f}g, 

2? . Thi anastomotic device defined in Claim 14 further including a 
blood flow passage defining means in one of said vessels for maintaining blood 
flow while said stiffening framework is being attached to said one vessel. 
28 ? An anastomotic device comprising? 

A) a stent located on a vessel to be joined to another vessel, 
said stent including a framework formed of defermable 
material that causes said framework to retain a second 
configuration after it has been deformed from a first 
csnfipration; 
i) m§mu for deforming §ajd stent; and 
C) vessel attaching moans on said stent for attaching said 
stent to the outside surface of the vessel, and to position 
the inside surface of the vessel adjacent to the inside 
surface of another vessel 
29. The anastomotic device defined in Claim 28 further including a 
h©mostatie medium. 
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30. An anastomotic imm semprisings 

A) § first mailable frame mounted on an outside mtfrn® uf 
a fiF§| vegggj; 

I) 3 second snuUgable frame mounted on an outside surf^e 
I gf a second vm$U 

C) fastener meane for fastening said first malleable framt iq 
said seeqnd mailable frame; and 
msans in eaeh malleable ft? maintaining the 
malleable frame zsmmmd therewith in a seated shags 
1© §® a desired flaw area and shape ean be established at th$ 

junction of said first and seegnd vessels, 

3 1 . The anastomotic device defined in Claim 30 further including a 
living hinge located at a junction formed between the first and second vessels. 

32. The anastomotic device defined in Claim 30 wherein said 

iS fastener means include tissue retention pins that are staggered with respect to 

33 ? The anaitometie device defined in Claim 30 wherein the junction 
formed between the two vessels is sinuous in shape. 

34, The anastomotic deviee defined in Claim 30 further including 
10 means for aligning and attaching said frames. 

35. An anastomotic device comprising: means for placing an inside 
edge surface of an incision in a first vessel in abutting contact with an inside 
surface of an incision in a second vessel so the vessels heal together at the 
inside edge surfaces of the vessels, and a stiffening framework located on the 
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cwtside suite Qfzmk of the vessels and being fabricated pfa deformans 
materia! that retains a second configuration aft©r being deformed from a fim 
eonfigurafien, means on said stiffening frameworks for attaching said stiffening 
frameworks to said vgs§§ls. 
5 36. The anastomotic device defined in Claim 30 further including 

pins on said malleable frames and wherein the pins on the first frame are 
oriented in staggered relationship with respect to pins on the second frame to 
compress tissue located between pins on opposing frames. 

37, The anastomotic device defined in Claim 35 farther including a 
ID docking system for connecting the stiffening framework on the first vessel to 
the stiffening framework on the second vessel for producing a compliant joint. 

38e The anastomotic device defined in Claim 35 farther including 
tissue fastening means which includes pins which are arranged with respect to 
each other to force tissue interposed between pins between the frameworks. 
15 39, The anastomotic device defined in Claim 28 wherein said stent is 

located on the outside of the vessel 

40. The anastomotic device defined in Claim 28 wherein said vessel 
attaching means includes staples. 

4 1 , A device for performing an anastomosis comprising; 
29 A) a body; 

1) a linkage attached at one end thereof to said body; and 
C) a driver attached to another end of said linkage to be 

operated by said linkage for fastening a mounting 

structure to a vessel 
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42. THf device defined ifi ^!aiip 4 1 wtow sai4 body has 8 shaiwjgj 
defined therein, said devjge further comprising an anvil having a body §isgd t@ 
be received in said ehanne! and a head proportioned for insertion into a vessel, 

43, The device defined in Claim 42 wherein said head includes a 
§ b)@©d fi§w passage, 

44, The device defined in Claim 43 wherein said head further 
comprises structure for turning staples, 

45. The device defined in Claim 44 wherein said driver includes a 
staple engaging surface, 

10 46. The device defined in Claim 45 wherein said engaging surface is 

V-shaped in cross sectional shape. 

47. The device defined in Claim 44 wherein said driver includes an 
arcuate vessel engaging surface. 

48. The device defined in claim 42 ftirther comprising a second anvil 
15 to be used in place of the first anvil, said second anvil having a body sized to be 

received in said channel and a head proportioned for insertion into a vessel via 
an end of said vessel 

49. A device for performing an anastomosis comprising: 

A) a member for supporting a malleable stent for securement 
20 to a vessel; 

B) an anvil for controlling tissue fastening elements of a 
stent supported by the member to secure the stent to a 

vessel; and 

-71- 
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stent engaged means for shaping said stent in situ @n 

the v^ssgj. 

SQ. The device defined jn Claim 4g wherein said head further 
q^mpriseis structure for turning states, 
§ S 1 . f he device defined in Claim 30 wherein said drivgr include? a 

staple engaging Rurfoee. 

12, The devise defined in Claim S 1 wherein said engaging surface is 
V-shaped in Qvom smxigml shape. 

13. The device defined in Claim 50 wherein said driver includes an 
10 areuate vessel engaging surface, 

$4, The device defined in Claim 49 wherein the stent engageable 
means comprise a pair of elements movable relative to one another to shape a 
stent, 

55. The device defined in Claim 49 wherein; 

A) the member for supporting a malleable stent includes 
elements movable relative to one another; and 

B) the stent engageable means comprise pins earned by the 
respective elements for engagement with a stent 
supparted by the member, 

•6 56. A method of performing an anastomosis comprising: 

A) defining an incision in a first vessel; 

B) defining an incision in a second vessel; 

C) positioning a first mounting structure on the first vessel 
adjacent to the incision in the first vessel so that an inner 
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edge efthe ftFst vessel a4jaG§«t to the incision tfomm Is 
spaegd from an inner edg§ of the first mounting §tFU§tw§i 

13) fastening the first mounting structure to the first vessel; 

I) posili@mn§ § mmnd mounting stature an the m§m$ 
I vessel accent to the incision i# the second vessel w that 

an inner Qdp of the second vessel adjacent to the insigion 
therein is sppced from an iru^r edge c>f this secend » 
mourning §twatuf§; 

f) fastening the sesond mounting structure to the $mm& 
i9 vessel; and 

Q) attaching the first and second mounting structures 

!©gfttheF. 

17. The method defined in Claim 56 wherein the step of attaching 
the first and second mounting structures together includes positioning the inner 

IS edges of the vessels in abutting contact with each other after said attaching 
Steps, 

18, The method defined in Claim 56 further comprising a step of 
shaping the fastened mounting structures to define a flow area which exceeds a 
cross sectional area defined by one of the vessels prior to said attaching step. 

^ 59 e The method defined in Claim 56 ftjrther comprising a step of 

positioning the vessels in side-to-side orientation prior to said attaching step. 

60. The method defined in Claim 56 further comprising a step of 
positioning the vessels in end-to-side orientation prior to said attaching step. 
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$ | . f he mstbed dsflnsd in §\mm 36 further aemprisiap a stgp 9f 
m&imemmg Wood flow through one of the vessels. 

A i&ethpd of performing w anastomosis comprising; 
A) defining m incision in a first vessel; 
§ 8) defining an incision in a second vessel; 

0) positioning a mounting structure on the first vessel 
adjacent to the incision in the first vessel so that an inner 
gdge of the first vessel adjacent to the ineisi§n therein i§ 
spaced from an ian$r edge of the mounting structure; 

19 D) fastening the mounting structure to the first vessel; 

1) positioning the second vessel adjacent to the mounting 
structure so that an inner edge of the second vessel 
adjacent to the incision therein is spaced from an inner 
edge of the mounting structures 

IS F) fastening the mounting structure to the second vessel; and 

G) shaping the fastened mounting" structure to define a 

desired flow area between the first and second vessels. 

63, The method defined in Claim 62 further comprising a step of 
positioning the inner edges of the vessels in abutting contact with each other 

20 prior to said shaping step. 

64. A method of performing an anastomosis comprising; 

A) defining an incision in a first vessel; 

B) defining an ineision in a second vessel; 
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G) feigning a m&mimg structure to §ash vessel a$a§gfit to. 

eaeh incisions and 
0) shaping said mounting structure t@ define § desired flew 
area and shape for the junction of the two vessels 
I 61, A method of perfoBfiing an anastomosis comprising* maintaining 

blood flew in a vessel; dsflning an inejsion in the vessel; fastening a stent en the 
outside of the vessel; and shaping the stent, 

66. The method defined in Claim 6§ further eomprising stabilizing 
the vessel during the step of fastening the stent. 
10 67. The method defined in Claim 61 further comprising a step of 

drawing the vessels together, 

68, The method defined in Claim 61 further comprising a step of 
stabilizing the first vessel 

69, The method defined in Claim 61 fUrther comprising a step of 
IS positioning the inside edges of each vessel in abutting contact with eaeh other. 

70, The method defined in Claim 56 ftirther comprising a step of 
shaping the fastened mounting structures to define a desired flow area between 
the first and second vessels, 

71 , The method defined in Claim 65 further comprising steps of 
20 performing multiple grafts. 
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